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• Compact Size 

• Simple to Operate 

• Large LCD Readout 

• 25 or 45 Watts 

• Packet Compatible 

• 21 Memory Channels 


The IC-28H has all the features 
you need (or carefree 2 -meter mobile 
operation. The only thing it doesn't 
have is a big price 


45 Watts. The IC-28H provides a 
full 45 watts of powerful output. The 
IC-28A 25-watt version is also avail¬ 
able Both units have a selectable 
low power. 


Large LCD readout. A wide-view 
LCD readout can be easily read even 
in bright sunlight. An automatic dim¬ 
mer circuit reduces the brightness for 
evening operation 


^ 200 


Wideband Coverage. The IC-28H 
performs from I38-I74MHZ (specifica¬ 
tions guaranteed from I44.00-I48 MHzI 
and includes weather channels Ideal 
for MARS and CAP operation. 


Compact Size. The IC-28H meas¬ 
ures only 2 inches high by 5G inches 
wide by 7 1 4 irnhes deep IIC-28A is 5 '4 


inches deepl Great for mobile instal¬ 
lations where space is limited. 


21 Memory Channels. Store 21 
frequencies into memory, or lock out 
certain memory channels. All memories 
are backed up with a lithium battery. 


Scanning. Scan the entire band 
or the memory channels from the pro¬ 
vided HM-12 mic. 


Easy to Operate. With only 11 
front panel controls, the IC-28H is 
simple to operate. 


Available Options. IC-HMI4 
DTMF mic. PS-15 13.8V 8 A power sup¬ 
ply. UT-29 tone squelch unit. SP-10 
external speaker. IC-HM16 speaker mic 
and HS-15 HS-I5SB flexible boom 
mic and PTT switchbox 


The IC-27H 45 watt and IC-27A 
25 watt ultra compact 2-meter 
mobiles continue to be available 


















Kantronics SMARTS” 


Presenting three intelligent, versatile, 
compatible terminal units. 


"SMART'’ means an internal microprocessor is used 
to improve performance and add versatility. The 
“Smart" Kantronics TU's can transmit and receive 
CW/RTTY/ASCII/AMTOR or Packet when 
combined with your computer and transceiver. 

Any computer with a serial RS232 or TTL 
port can connect directly to a Kantronics TU. 

A simple terminal program, like one used with a 



telephone modem, is the only additional program 
required. Kantronics currently offers Pac- 
term and UTU Terminal Programs for 
IBM, Kaypro, Commodore 64, VIC 20, and 
TRS-80 Models III, IV, and IVP. Disk 
version $19.95. Cartridge $24.95. 

UTU The Universal Terminal unit (UTU) 



is the original “Smart" amateur TU. 

CW, RTTY, ASCII, and AMTOR can all 
be worked with this single unit. 

Switched capacitance filters and 
LED display tuning make using the 
UTU easy for even the Novice. 12 
Vdc 300mv power supply required. 

Suggested retail $199.95. 

UTU-XT The UTU-XT is an enhanced 
version of the UTU. Programmable baud KPC-2 Kantronics AX.25 Version 2 TNC fea- 

rates. tone frequencies, and tone shifts give tures a built-in HF modem full duplex opera- 

special versatility Automatic Gam Control and tion, multiple connects, and over 100 software 

Threshold Correction circuits greatly enhance commands A serial RS-232 or TTL (C-64 

sensitivity and selectivity. A RTTY signal VIC-20) port gives universal compatibility 

detect circuit mutes copy with no carrier, and The enhanced generic command structure 

the CW filter center frequency and bandwidth fits any computer, even PC compatibles All 

are programmable. Power supply is provided. this combines to make KPC-2 the only TNC 

Suggested retail $359.95. you’ll ever need Suggested retail $219.00 



For more information contact your local ^ 199 

Kantronics dealer or write: 


Kl Kantronics 

1202 E 23rcl Street <913)842-77/15 
Lawrence- Kansas 66046 
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Compact high performance HF transceiver 
with general coverage receiver 

Superior receiver dynamic range 
Kenwood DynaMix' high sensitivity direct 
mixing systen ensures true 10? dB receiver 
dynamic lange i ‘MO Hz bandwidth on 20 m I 
100“'i duty cycle transmitter 
Super efficient cooling permits continuous 
key down tor periods exceeding one hour 
RF input (.towel is rated at 200 W PEP on 
SSB, 200 W DC on CW. AFSK. FM. and 110 
W DC AM (The PS-50 power supply is 
needed lor continuous duly i 


• Adjustable dial torque 

• 100 memory channels 
Frequency and inode may be stored in 
10 groups ot 10 > hannels each S[ lit tie 
quencies may be stored in 10 channels 
lot repeater operation 

• TU-8 CTCSS unit (optional) 

Subtone is memorized when TU-8 is installed 

• Superb interference reduction 

IF shift tuneable notch tiller, noise blanker, 
all mode squelch RF attenuator. RIT/XIT 
and optional tillers tight QRM 

• MC-42S UP/DOWN mrc included 

• Computer interface port 

• 5 IF filter functions 

■ • Dual SSB IF filtering 

A built in SSB liltei is 
standard When an 
optional SSB tiller 
(YK 88S or YK-88SN) is 
| — installed dual filtering 
| is provided 

VOX, full or semi 
break-in CW AMTOR 
compatible 


Kenwood's advanced digital know-how 
brings Amateurs world-wide "big-rig" 
performance in a compact package. We 
call it “Digital DX-citement”—that special 
feeling you get every time you turn the 
power on! 

■ Covers All Amateur bands 
General coverage receiver tunes Irom 
100 kFIz- 30 MFiz tasily modified lor 
F-tF MARS operation 

• Direct keyboard entry ol frequency 

U'-'h ! 8 b » ' ' 

selection is verified in 

JH 

(optional) I 

Covers 80-10 meters 

• VS-1 voice synthe- 

sizer (optional) ** 


////// 


Optional accessories 

• AT 440 internal auto antenna tuner (80 m 10 m) 
•A! 250 external auto tuner (160 m 10 m) 

• AM 30 compact mobile antenna tuner (160 m 
10 ml • IF-232C/IC 10 level Iranslalor and modem 
1C kit • PS-50 heavy duty power supply • PS 4301 
PS-30 DC power suprily • SP 430 external 
speaker • MB-430 mobile motinlmg bracket 

• YK 68C/88CN 500 Hz/270 Hz CW tillers • YK-88S 
88SN 4 kHz/1 8 kHz SSB filters • MC.-60A/80/85 
desk microphones ■ MC 55 (8P) mobile micro¬ 
phone • H5-4/5/6/7 headphones • SP 40/50 
mobile speakers • MA 5/VP 1 HF 5 band mobile 
helical antenna and bumper mount • IL 922A 

2 kw PEP linear amplilier • SM 220 station monitor 

• VS 1 voice synthesizer * SW 100A/200A/2000 
SWR/powei meters • 1U 8 CTCSS tone unit 

- PG 2C extra DC cable 


Kenwood takes you 
from HF to OSCAR! 
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SELECTIONS 


the phone call 

It took a late-night, long-distance phone call to remind me of what I used to easily perceive 
as the excitement of ham radio. The call came from a good friend who'd gotten into Amateur Radio 
at about the same time as I did, approximately 28 years ago. Catching up on recent history, I couldn't 
help noticing not only his present and continuing enthusiasm for the hobby, but also his accomplish¬ 
ments over the years. His interests included, but weren't limited to, antenna and propagation ex¬ 
perimentation, modification of commercial equipment, the design and construction of new equipment, 
operation on the newer specialized communications modes, as well as teaching and helping other 
Amateurs. But what impressed me the most was his intensity — his desire to do the very best he 
could while enjoying what he was doing. 

Not long ago I found myself feeling discouraged about the future of Amateur Radio. It's not difficult 
to get into this mood. Just listen to discussions on the air, at hamfests and at other meetings. . . 
or open up to the editorial page of any ham magazine. There you'll no doubt hear, or read, that the 
average age of Radio Amateurs in this country is rising steadily. If you really want to get discouraged, 
tune any of the HF bands (and the most popular VHF band). What do you hear? 

• "CQ DX, CQ DX." (Translated, this means "I want to contact you, the rare station, as fast as 
I can and get your QSL card and then goodbye!") 

• Or "Hey, Goof ball, this is my frequency and I'm not moving!" (T ranslation: "I've been on this fre¬ 
quency for the past three hours and I own it.") 

• Or "Hey, Joe, are you sure I'm only 37.5 dB stronger than that other W1? By my figuring / should 
be at least 40 dB up from him!" (Somewhere along the line many of us forgot that the FCC didn't 
intend for us to turn Amateur Radio into a horsepower race.) 

• Or, as heard on 2 meters not too long ago, "Tom, / just got this new Loudenboomer amplifier. 
It's wired for 110 volts. How do ya wire it for 220?" (I guess that question wasn't on his Advanced 
class exam). 

Is this what Amateur Radio is all about? 

There are those who say we need some stimulation and that the solution is obvious: get more youth 
involved. Presto! Amateur Radio — if not the world itself — is saved. Quite frankly, I don't believe 
in simplistic cures and single-answer solutions. But it is true that in order for any organization to self- 
perpetuate, a constant influx of "newness" is required, be it youth itself or just youthful energy and 
spirit. 

Even if we manage to attract young people to our hobby, it will still take Amateurs (like my friend) 
willing to share their enthusiasm and knowledge with them. By helping young people pursue their 
own interests, these Amateurs will encourage young people not only to enter Amateur Radio, but 
stay there. It won't be just young people who "save" Amateur Radio, but those hams like my friend 
who make that special effort. 

Rich Rosen, K2RR 
Editor-in-Chief 


4 m July 1986 








KENWOOD 

. . .pacesetter in Amateur radio 


% 



• Optional front panel-selectable 
38-tone CTCSS encoder 

• Frequency range 142- 
149 MHz (modifiable to 
cover 141-151 MFIz) 

• High performance receiver with 
GaAs FET front end 

• VS-1 voice synthesizer option 
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TR-9500 

70 CM SSB/CW/FM 
transceiver 

• Coven 430 440 MHz. in steps ol 
tOO-Hz. 1 kHz. 5-kHz. 25-kHz or 1 -MHz. 

• CW-FMHi 10 W, Low 1WSSB10W 

• Automatic banrl/memory scan 
Search of selected 10 kHz segments 
on SSB/CW 

• 6 memory channels 
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SEVERE SANCTIONS AGAINST CASUAL SWL'ING STILL REMAIN in th- litmt v-rsion of th- 
"Electronic Communications Privacy Act of 1986" adopted unanimously by Rep. Kastenmeier s 
subcommittee May 14. Though the Act specifically exempts any station transmitting in an Amateur 
band, it is still based on the negative philosophy that a U.S. citizen has no right to tune to 
any radio transmission except as permitted by the government (see the editorial in February s 
Ham Radio ). Furthermore, this latest version now defines "interception" of radio or other 

electronic communications as the interception of_ the transmissi o n i tself rather than its 

content! The Act provides for fines up to *18,088 and a year in jail for tuning in remote 
broadcast pickups, possibly any ship-to-shore communications, any kind of encoded 
transmissions, RCCs (older type car phones), and any FM subcarriers. 

The Cellular Telephone Industry Didn't Get Exac tly what it wanted; the penalty for 
receiving cellular would be only *500 and/or six months in jail. However, when Rep. Mike DeWine 
<R-Ohio> offered an amendment to limit the Act to encrypted communications or the disclosure of 
the contents of protected but unencrypted communications. Rep. Kastenmeier responded saying he 
wanted his bill to discourage casual listening — even though the Justice Department has said 
it couldn't and wouldn’t enforce the Act against casual listeners. That amendment, and another 
by DeWine to eliminate the six-month penalty for eavesdropping on cellular communications, were 
both voted dawn. 

The Act (HR-337B) Now Goes To The House Judiciary Committee where it is expected to meet 
with little apposition. At the same time hearings on the Senate's version of the bill, S-1667, 
are expected to be scheduled in the very near future. 

A 30-DAY WAIT BEFORE RETAKING AN AMATEUR EXAM IS INDEED UNNECESSARY, the FCC affirmed in 
deciding against ARRL’s Petition for Reconsideration in PR Docket B5-31. The League had argued 
for retaining the delay because its program is set up so that ARRL VEs can use the same exam 
for some period of time, but the FCC said in its decision, "We will not retain it Cthe wait) 
merely to accommodate the administrative choices made by one or more VECs. It is far more 
important to eliminate unnecessary and outdated government regulations." 

PRB-1 HAS APPARENTLY RESOLVED KA7TVCS ANTENNA PROBLEM with Kirkland, Washington 
authorities (see June Presstoo ). His 2-meter vertical had been cited under a city ordinance 
restricting transmitting antennas, but Kirkland is considering its law firm s advice to revise 
its ordinance to agree with PRB—1 and has dropped its action against KA7TVC. 

An Ordinance Limiting Antennas To Six Feet Above Roof Line in the District of Columbia was 
up for first hearing at presstime; ARRL has prepared a strong presentation against the 
proposal. Bills limiting all towers in New York State to 50 feet or tree-top height, whichever 
is lower, have been introduced in that state's legislature. 

SUGGESTIONS AND COMMENTS FOR THE VEC PROGRAM ARE BEING SOUGHT by the Council for Amateur 
Radio Examining (CARE) in preparation for a meeting with the FCC tentatively set for August. 

The Washington meeting, for all accredited VECs, will review how well the program is working 
and how it might be improved. Write CARE, Box 6B8, Glenview, Illinois 60025. 

A NEW BAND PLAN FOR 10-METER FM WAS SUPPORTED by nearly 100 Amateurs attending the 10-Meter 
FM Forum at the Dayton Hamvention. In brief it would change the repeater offset to 400 kHz 
instead of 100 kHz and use 29.50-29.6B MHz for the repeater outputs. Repeater inputs would then 
be 29.10-29.2B, on 20 kHz centers. 29.3-29.4 MHz would be used for FM simplex, with 29.4-29.5 a 
"No-FM" slot for OSCAR downlinks so long as any Amateur 10-meter satellites remain operational. 
A formal Petition for Rule Making is being planned; Bob Hei1, K9EID, would appreciate comments; 
write Bob at Box 7B, Marissa, Illinois 62257. 

Revision of 10-Meter Beacon Operation into a system similar to the 20-meter beacon system 
operating on 14.100 MHz has been proposed by the IARU. In Resolution B5-1 the Union would set 
aside 28.190-28.200 MHz for beacons, with a worldwide beacon network on 2B.200 and regional 
networks from 2B.190 to 2B.199. Almost all 10-meter beacons now on the air operate between 
28.200 and 28.300, but if the proposed expansion of 10-meter Novice privileges is adopted, the 
usefulness of these beacons — most running low power — would be seriously compromised. G3DME 
coordinates the International Beacon Project for IARU. 


LABELS SPECIFYING RFI SUSCEPTIBILITY ON HOME ENTERTAINMENT EQUIPMENT are being sought by 
the ARRL in a Petition for Rule Making filed with the FCC. If adopted, the proposal would 
require every such device to carry an FCC-mandated label or tag that would specify just how 
susceptible that device is to interference from nearby transmitters. 

In Canada VE3SR Has Decided To Fight The Judge's Dec ision that put him off the nr « a 
"nuisance" to his neighbors' home entertainment equipment (see June Pre**tQ E>• Though it now 
looks as if he may receive some support -from commercial two-way users who are concerned abou 
the possible impact of the decision on their operations, he'll still need help from the Amateur 
community to meet the estimated $15,000 cost of the appeal- 
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Not Shown: 

MC-50 Desk top micro¬ 
phone Hi/LoZ 4 pin connector 

MC-80 Desk top microphone. 
700 U unidirectional electret 
element with flexible boom 
Built-in mic pre-amp and UP/ 
DOWN switch, with lock (8-pm) 
MC-48 Hand microphone 
with 16-key DTMF pad and UP/ 
DOWN switches (8-pin) 

MC-46 As above, but with 
6 pin connector. 


t 



MC-42S Hand microphone 
with UP/DOWN switches <8 pin). 

MC-35S Noise cant elling 
hand microphone. 50 k U (4 pm) 

MC-30S As above, but 500 U 
PG-4A Microphone cable lor 
MC-60A Converts MC-60A to 
4-pm connector 
PG-4B As above, but 6-pin 

PG-4C As above, but 8-pm 
as supplied with MC-60A 

PG-4D Extra 4 pin cable 
lor MC 85 

PG-4E As above, bul 6-pin. 
PG-4F As above, but 8-pm 
HS-5 Deluxe headphones HS-7 Micro-headphones 

HS-6 Lightweight headphones KPS*7A 13 8 V DC, 7.5 A 

intermittent DC power supply 

RA-3 2 m A telescoping 
antenna with BNC connector 
RA-5 2 m V. A /70cm Vr A 
telescoping antenna with BNC 
connector 

RA-8B 2mStubbyDuk' with 
BNC connector 

RA-9B As atiove. lor 220 MH/ 

RA-10B As above, for 
440 MH/ 

RD-20 Dummy load. 50 L> 

DC 500 MH/ 20 W continuous. 
50 W intermittent. 

PG-3A DC line tiller lor 
mobile use 

Service manuals are 

available loi all Kenwood turns 
ceivcrs and most accessories 


TL-922A 160 15 m 2 KW PEP/1 KW DC Input Lineal Amplifier 
Pair of EIMAC 3-500Z tubes and excellent IMD characteristics 
Perfect safety protection with blower turn-off delay circuit 

MA-5 80/40/20/15/10 meter 
mobile antenna All resonators 
supplied. 200 W PEP max , 
VSWR 15 1 or less Easily 
adjustable for center 
frequencies. 

VP-1 Bumper mount for 
above 


SM-220 Station monitor/10 
MH/ oscilloscope Pan display 
capability with optional BS 8 (for 
TS 940S. TS 830S) Monitor 
transmitted waveforms and/or 
received signal waveforms 
Built in 2 tone generator. 


PC-1 A Phone Patch (FCC Part 
68 registered). 


VB-2530 25 W RF Power 
Amplifier (for TR 2600A) BNC 
BNC cable, and mounting bracket 
supplied — • 


LF-30A Low pass filter 1 kW 
50 li Insertion loss: less than 
0 5dB at 30 MH/ 


MA-4000 2 m/70cm 

dual band mobile gain antenna 
Duplexer supplied Ideal tor 
use with the TW 4000A "Dual 
Bander" and TM-211A/TM 4t1A 
| (Mount not supplied.) 

AL-2 Lightning and static 
arrester 1 kW. 50 L> 


MC-85 (8-pm) Multi function 
desk top microphone (8-pm) 

7001) unidirectional electret 
condenser mic. Built-in audio 
level compensation with output 
and tone control, meter, and UP/ 
DOWN switch Selector switch 
for up lo three transceivers. 
(Additional 4. 6. or 8-pin cables 
optional.) I 


MC-60A (8 pm) Deluxe 
desk top microphone Pre amp 
built in. Pit. LOCK and UP/ 
DOWN switches Hi/Lo Z selec 
tor switch 


SP-40 Compact mobile 
speaker 

SP-50 Mobile streaker 
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MFJ 24 HOUR 
LCD CLOCKS 

These MFJ 24 hour clocks make I ' ■■ - 
your DXIng, contesting, logging ■ f 
aha SKEDIng easier, more precise 

Rssd both UTC ind local time 
at a glance with tho MFJ-108, (£ 

$19.96. duat clock that displays 
24 ahd 12 hour time simultaneously 
Or choose the MFJ-107. $9.96 
single clock for 24 hour UTC time. 

Bom are mounted In a brushed aluminum frame, 
feature huge easy-to-see 5/8 Inch LCD numerals 
and a sloped face that mattes reading aCross-the- 
shaCk eaSy and pleasant 

mYMSCM/AMTORTCW mfj- 1279 
COMPUTER INTERFACE $179.95 


^•ssircssi -W* PIS3 


CZ2D fW mSEB 

MFJ 12 24 HOUR DUAL LCD CLOCK 
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Everything you noed Is Included for sending and 
receiving RTTY/A$CII/CW on a Commodore 64 
or VIC-20 and your ham rig. You get MFj's most 
advanced computer Interface, software on tape 
and all cables Just plug In and operate. 

The MFJ-1229 Is a general purpose computer In¬ 
terface that will never be obsolete An Internal 
OIP switch. TTL and RS-232 ports lets you adapt 
the MFJ-1229 to neatly any home computer and 
even operate AMTOR with appropriate software 
A crosshair "scope” LED tuning array makes 
accurate tuning fast, easy ahd precise. 

You can transmit both narrow (170 Hz) and wide 
(850 Hz) shift while the variable shift tuning lets 
you copy any shift (100-1000 Hz) and any speed 
(5-100 wpm. 0-300 babd ASCII). 

Automatic threshold correction ahd sharp multi¬ 
pole active filters give good copy under severe 
QRM, weak slgnaf and selective fading 
There's an FM (limiting) mode for easy trouble 
-free tuning that's best for general use and an 
AM (non-llmltlng) mode that gives superior per¬ 
formance under weak signals ahd heavy QRM 
A handy Normal/Reverse switch eliminates re- 
tuning while checking for Inverted RTTY. 

An extra sharp 800 Hz CW (liter ready separates 
the signals for excellent copy. 

12'/j x 12'/i x 6 Inches. Uses floating 18 VDC or 
110 VAC with MFJ-1312, $9.95 

MFJ PORTABLE ANTENNA 

MFJ's Portable Antenna lets you operate 40. 30, 
20.18,15,12,10 meters from apartments, motels, 
camp sites, vacation spots, shy electrically cleat 
location where space for full size ahtenna'ls a' 
problem. y 

A telescoping whip (extents 54 In.) is mounted 
on self-standing 5Vi x 6V< »2V4 Inch Phenolic 
case Built-in ahtenna tunerlield strenght meter 
50 feet coax Complete mull-band portable an¬ 
tenna system that you can Ae neatly anywhere. 
300 watts PEP^^^— 

MFJ-162 


You can read hour, minute, second, month and 
day ahd operate them in an alternating time-date 
display mode You can also synchronize them to 
WWV for split-second timing. Both ate quartz 
controlled for excellent accuracy. 

MFJ ANTENNA BRIDGE mfj-2osb 

Now you can quickly optimize your $79.95 
antenna for peek performance with 
this portable, totally self-contained 

antenna bridge that you can take to 
your ahtenna'slte—no other equip¬ 
ment Is needed 

You can determine It your antenna Is 
too long or too short, measure Its 
resonant frequency and antenna 
resistance to 500 ohms. It's the 
easiest and most convenient way to 
determine ahtenna performance avad 
able today to anyone There's nothing 
else like It ahd only MFJ has it. Built-In resistance 
bridge, null meter ahd tunable oscillator-driver 
(1.1-30 MHz) Uses 9 V battery 4 x 2 x 2 inches 

REMOTE active antenna 

The authoritative "World Radio TV Handbook" 
rates the MFJ-1024 as "a llrst-rate easy-to-oper 
ate active antenna Quiet with excellent dy¬ 
namic range and good gafn ... Very low noise fac¬ 
tor ... Broad frequency coverage ... the MFJ- 
102(1 is an excellent choice In ah active antenna" 

54 Inch remote active antenna mounts outdoor 
awaft from electrical noise for maximum signal and 
minimum noise pickup Often outperforms long- 
wirdhundreds of feet long. Mount anywhere-atop 
holies, buildings, balconies, apartments, ships 
Ua with any radio to receive strong clear signals 
frol ad over the wrld. 50 KHz to 30 MHz High 
dyilmic range eliminates Intermodulatlon. Inside 
coifol unit has 20 dB attenuator, gafn control. 
^■■Switch 2 receivers and auxiliary or active 
ahtenna "On" LED 6x2x5 in 
50fMjoaJr12VDC or 110 VAC with 

IrilTfrP $129.95 

200 WATT VERSA TUNER 
„ . MFJ-901B $59.95 

MFJ s smallest 
200 watt 
Versa Tuner 

matches coax, 
random wires 
and balanced 
lines from 1.8 thru 30 MHz Works with ad solid 
state ahd tube rigs Very popular for use between 
transceiver and linat amplifier Efficient air-wound 
inductor gives more watts out 4:1 batun. 5x2x6 in 


MFJ-107 

$ Q 95 m 

W MF> 24 HOUR LCD . 


They are battery operated so you don't have to 
reset them after a power ladure, ahd battery 
operation makes them suitable for mobile ahd 
portable use. Long life battery included 
MFJ-108 is 4'/ix1x2 In. MFJ-107 Is 2V.x1x2 In. 

ROLLER INDUCTOR TUNER 


Lu 


I MFJ-989 $329.95 

Meet the^Ver se T u n er V + -. t he ofcmpect roller 
Inductor tuner that lets you run up to 3 KW PEP 
and match everthlng from 1 8 to 30 MHz 

Designed to match the new smaller rigs, the 
MFJ-989 Is the best roller Inductor tuner pro¬ 
duced by MFJ. Our roller Inductor tuner features 
a 3-diglt turn counter plus a spinner knob for pre¬ 
cise Inductance control for maximum SWR reduc¬ 
tion. Just take a look at ah these other great fea¬ 
tures! Built-In 300 watt, 50 ohm dummy load, 
bullt-ln 4:1 balun and a built-in lighted meter that 
reafts SWR and forwafd ahd reflected power in 2 
ranges (200 ahd 2000 watts). Accuracy+10% full 
scale Meter light requires 12 VDC. 6 position ah¬ 
tenna switch. 10% x 4Vi x 15 Inches 

MFJ “DRY” DUMMY LOADS 


MFJ-262 

$64.95 


art* 


MFJ-260 

$26.95 


MFJ'e "Dry" dummy loads are air cooled—no 
messy oil. Just right for tests ahd fast tune up Non- 
inductive 50 ohm resistor In aluminum housing 
with S0-239. Full load to 30 seconds, de-ratlng 
curve to 5 minutes MFJ-2B0 (300 watt) . SWR 1.1:1 
to 30 MHz, 1.5:1,30-160 MHz. 2'Ax2'/jx7 In MFJ- 
262 (1 KW), SWR 1.5:1 to 30 MHz. 3x3x13lnches 

MFJ ELECTRONIC KEYER 


MFJ-407 

$69.95 


MFJ-407 Oeluxe Electronic Keyer sends lambic, 
automatic, semi-auto or manual Use squeeze, 
single lever or straight key. Plus/minus keying. 8 
to 50 WPM. Speed, weight, tone, volume controls 
On/Off. Tune. Seml-auto switches. Speaker RF 
proof 7x2x6 inches Uses 9 V battery. 6-9 VDC 
or 110 VAC with Au adapter. MFJ-130S. $9.95 



ORDER ANY PRODUCT FROM MFJ AND TRY IT-N0 
OBLIGATION. IF NOT SATISFIED, RETURN WITH¬ 
IN 30 DAYS FOR PROMPT REFUND (lets shipping) 

• One year unconditional guarantee • Made in USA 

• Add $5.00 each shipping/handling • Call or write 
for free catalog, over 100 products. 



MFJ ENTERPRISES. INC 

Box 494. Mississippi State. MS39762 


TO ORDER OR FOR YOUR NEAREST 
OEALER, CALL TOLL-FREE 

800 - 647-1800 

Call 601-323-5869 in Miss and outside 
continental USA Telex 53-4590 MFJ STKV 
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amplifier parasitics 

Dear HR: 

Richard Measures's article in the 
April, 1986, issue, “Grounded-Grid 
Amplifier Parasitics," was most in¬ 
teresting. It provided insight into sev¬ 
eral amplifier circuit designs that are 
indeed troublesome. 

I, too, experienced parasitic oscilla¬ 
tions in my first SB-220. While the 
plate tuning capacitor did arc over, no 
damage was done. A local Amateur 
who was well versed in VHF equip¬ 
ment construction pointed to the sil¬ 
ver mica capacitor and RF choke tied 
from each tube socket grid pin to 
ground as suspect. At his suggestion, 
the component leads were reduced to 
the shortest possible length. The 
choke was also re-positioned so that 
its "cold" end was laid against the 
chassis. This appeared to reduce the 
choke Q and lessen the probability of 
parasitic oscillation. After these simple 
modifications, the amplifier remained 
stable. The tuning capacitor never 
arc'ed again. 

For the past eight years I've had 
first-hand production experience with 
several hundred HF linear amplifiers 
using the Eimac 8874 and 8877. To 
date I've not seen a single case of para¬ 
sitic oscillation or instability of any kind 
with these tubes. In addition to care¬ 
ful circuit layout, the key to stable 
operation appears to be the use of 
Eimac's recommended tube sockets. 
It's no accident that a tube manufac¬ 
turer specifies all relevant operating 
parameters — from airflow require¬ 


ments, to element voltages, to such 
mundane items as heat-dissipating 
anode connectors and sockets. The 
E.F. Johnson socket specified for use 
with the 8874 can be mounted so that 
the grid pin terminal lugs are bent over 
and soldered directly to the socket sad¬ 
dle. The Eimac SK-2210 socket for the 
8877 provides four short, direct, grid 
grounding spring clips. In both cases, 
the grid-to-ground connection has 
very low inductance and a large con¬ 
ductive area. 

The possibility of interelectrode 
shorting demands the inclusion of a 
current limiting resistor in the plate 
supply. Without it, the tubes and HV 
rectifiers are in jeopardy. The resis¬ 
tance provides a voltage drop that's 
dependent upon the current drawn. 
The voltage drop can actuate a plate 
current relay that turns off the ampli¬ 
fier if the dreaded short occurs. This 
resistor, like the "feedback resistors" 
in AG6K's article, provides cheap 
insurance. 

Reliable equipment operation isn't 
magical. Nor is it accidental. It should 
be the heart of the design. 

Ray R. Heaton, NJOG 
Canon City, Colorado 81212 


Dear HR: 

Having had 36 — I repeat, three 
dozen — 572 tubes fail in a manner 
similar to that described by AG6K, in 
his April article (page 31), I found his 
conclusions very interesting and pro¬ 
vocative. 

The amplifier I was using was grid- 
driven, neutralized, and had parasitic 
suppressors in both plate and filament 
leads. The filament lead suppressors 
varied from several to as many as eight 
turns of No. 14 enameled wire wound 
on an 82-ohm 2-watt resistor. I had no 
arcing at the plate tuning capacitor to 
warn me because the capacitor is rated 
at 7000 volts. In every case, the big 
bang would result in one tube failing 
at a time. The tube would develop a 
grid-to-filament short and sometimes 
the filament would open. 

I liked AG6K's explanation and cure, 
but several things keep sticking in my 


mind. He says the cure is 90 percent, 
not 100 percent effective. In my case, 
on three or four occasions I definitely 
saw the grid meter give a reverse kick 
just before the big bang. The tubes 
were operated Class C with high bias 
voltage. 

He is right about lots of power be¬ 
ing involved, because the bang would 
blow the 30-Ampere fuses in the 234- 
volt line feeding the power supply. 

The trouble seems to have started 
around 1981. Tubes purchased before 
that time gave years of trouble-free 
operation. I have an old HXL-1 in 
which the tubes must be 15 years old. 
I may be wrong, but I came to the con¬ 
clusion that the troubles began when 
the manufacturer changed the amplifi¬ 
cation factor from 160 to 200. (I have 
a feeling AG6K is going to write more 
on this.) 

John Labaj. W2YW 
Elsmere, New York 12054 

directive antenna 

Dear HR: 

W4MB's article, "A New Class of 
Directive Antenna," (April, 1986, page 
107) — with its coverage of the Land- 
storfer antenna — was very interest¬ 
ing. I was impressed when this idea 
was recently demonstrated by Frank 
Rutter, K3AW, at the Tropical Ham- 
boree. Then I remembered that a little 
more gain can be developed with a 
straight shorter (5/4 wave) element 
Yagi which would be much simpler, 
mechanically, to reproduce. An exam¬ 
ple of this, the "extended double 
Zepp"-type Yagi beam antenna was 
described "The Extended Element 
Beam" in the December, 1983, issue 
of QST. 

The Landstorfer antenna does make 
a nice exercise in wave theory. May¬ 
be somebody will come up with a more 
compact structure that will provide in¬ 
creased gain and be useful for con¬ 
struction on the HF bands. A step in 
this direction is the log-Yagi as outlined 
by Leo D. Johnson, W3EB, in "Log 
Yagis Simplified" (ham radio. May, 
1983). Wayne W. Cooper, AG4R 
Miami Shores, Florida 
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a VHF noise bridge 


Measure resistances 
and reactances 
to within 3 ohms 
at 146 MHz 


Although there is no need to enumerate the many 
merits of the noise bridge, it is not used as often as one 
might expect. One of the reasons for its limited accep¬ 
tance by the Amateur community may be that one needs 
some knowledge of the impedance-transforming 
properties of transmission lines as well as modest mathe¬ 
matical skills in order to take full advantage of its great 
measuring potential. 

Several excellent articles about noise bridges operat¬ 
ing in the frequency range of 3.5 to 30 MHz have been 
presented in this magazine. 1 ' 2 However, to date, noth¬ 
ing has been said about a VHF noise bridge. 

The usefulness of a noise bridge depends mainly on 
its accuracy. Throughout the H F spectrum it is difficult 
to maintain a 1 percent accuracy over the relatively large 
frequency range of 3.5 to 30 MHz. In the VHF version 
bandwidth is small but the operating frequency is con¬ 
siderably higher, which poses the main difficulty. Con¬ 
ventional noise bridge construction with a variable 
resistor and a variable capacitor does not lead to 
success. 

At VH F frequencies, a variable resistor of 200 ohms, 
for example, exhibits too much inductance. In addition, 
the sheer physical size of the variable capacitor in con¬ 
junction with the usually awkward position of its term¬ 
inals make it practically impossible to provide inter¬ 
connections without adding prohibitively large induc¬ 
tances, thus degrading performance severely. 

This article describes the construction of a noise 
bridge for the 2-meter band (144 to 148 MHz) that has 
sufficient accuracy to permit credible and reproducible 
measurements on multi-element antennas or antenna 
systems consisting of antenna and transmission line. A 
practical example of determining the impedance of an 
antenna via its feedline from the shack is presented. 


The four items that control noise bridge accuracy are 
the wideband transformer, the variable resistor, the vari¬ 
able capacitor, and the physical layout (wiring). Obvi¬ 
ously, single-point grounding is mandatory. If we 
replace the variable resistor with a PIN diode and the vari- 
able capacitor with five parallel connected tuning di¬ 
odes, it is possible to shrink the size of the noise bridge 
toa minimumand achieve almost perfect wiring. Acer- 
tain weakness exists because of the rather poor RF 
properties of the SO-239jack; because most Amateurs 
use the PL-259 plug, it was retained. 

the wideband transformer 

The transformer must have electrical symmetry and 
close magnetic coupling between primary and secon¬ 
dary windings. It consists of fourtightly twisted No. 24 
enameled copper wires with 0.5 mm diameter. Two op¬ 
posite wires of the bundle are the primary and secondary 
windings. The bundle is threaded about 3.5 times 
through a toroidal core — for example, an Amidon T 
50-10. The beginning and end of each winding must be 
marked with short pieces of sleeving material and then 
connected per fig. 1. It is important to have equal wire 
lengths between transformer terminals A and D and cir¬ 
cuitry as well as between terminals B and C and point M. 
The toroidal transformer must be mechanically secured 
to the chassis with nylon hardware to prevent a change 
in calibration later on. 

noise bridge diagram 

The complete schematic of the noise bridge, shown 
in fig. 2 consists of a separate noise source and bridge. 

The noise signal is fed to the bridge via two equally 
long, thin coaxial cables26.8 inches (68 cm) in length, 
corresponding to a half-wavelength at 146 MHz. The 
noise source is a 6.2-volt Zener diode whose noise spec¬ 
trum is amplified and fed to transformer T2, which is 
identical to the bridge transformer T1. The secondary 
center tap of T2 is connected only to the two shields of 
the coaxial cables and not to the ground system of the 
noise generator. This results in reduced chassis currents 
and guaranteesa very sharp null indication by the bridge. 
The noise generator is housed in a shielded box away 

ByA.E. Popodi,OE2APM/AA3K, Moosstrasse 
7, Salzburg 5020, Austria 


10 fi3 July 1986 


from the bridge section. The adjustable noise level 
results in improved null indication in some receivers and 
helps in finding the null. The center tap of the secondary 



winding of T1 is connected through a short piece of coax 
to the BNC connector (output to receiver). This BNC 
connector should be insulated from the chassis. The 
22-/rH choke provides the ground return for the diode 
current and the tuning voltage. A gear train is recom¬ 
mended for the R and C dials. 

mechanical layout 

Figure 3 shows the layout of the noise bridge com¬ 
ponents. A base plate of silver-plated brass serves as the 
common mounting surface for all bridge parts. Point A 
is a short, insulated standoff; points K and L are good 
high-frequency feedthrough capacitors. Additional by¬ 
pass capacitors are provided in parallel with the feed¬ 
through capacitors. All five diodes are mounted 
between two small metal plates that have five holes 
each. This diode package is then soldered between their 
respective points. Point M, the center tap of the secon¬ 
dary winding, is a plain feedthrough insulator. Point N 
is a heavy but short grounding standoff. It is also the 
grounding point for the two coaxial cables that carry the 
noise signal. The reference capacitor C 0 must be sol¬ 
dered directly, with short leads, to the SO-239 jack. 


+33V +I5V 
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control signals 

The PIN diode requires a stable, constant current 
source. A P-channel FET, Q1, serving as constant cur¬ 
rent source, is controlled by the FET-input operational 
amplifier U1. At its input, a Zener reference voltage is 
compared with the voltage drop that the diode current 
generates across the variable resistor R1 and range- 
limiting resistor R2. The dial of resistor R1 is calibrated 
in ohms. Current range isabout 0.2to 10 mA, which cor¬ 
responds to a diode resistance variation of 150 to 4 ohms. 
The connection to the diode should be made using 
shielded cable. 

The five parallel connected tuning diodes require a 
variable DC voltage of 0.5 to 28 volts, controlled by 
potentiometer R3. The purpose of the 5.1 -kilohm resis¬ 
tor is to linearize the (nonlinear) relationship between 
tuning voltage and capacitance. T ransistor 02 provides 
a low impedance and its base-emitter junction serves to 
compensate for the temperature coefficient of the tu n- 
ing diodes. The 15- and 28-volt supplies must be 
regulated. 

calibrating the resistance dial 

The calibration of the R dial requires a little test jig to 
determine the relationship between diode AC resistance 
and DC current. This is shown in fig. 4. A signal gener¬ 
ator supplies a 30-MHz signal to point A of an SPDT 
switch that may consist of a small metal bar that makes 
contact with either point B (non-inductive test resistor) 
or point C (PI N diode). The DC current can be delivered 
by the constant current supply described above or from 
an external DC source. A DVM is used to measure the 
current accurately. A second instrument is used to mon¬ 
itor the RF voltage at point A. The DC current must be 
adjusted until the voltages at B and C are equal. Three 
identical, non-inductive resistors of 50 ohms are re¬ 
quired. The first measurement is made with 25 ohms 
(two resistors in parallel). The next readings are taken 
with 50, 100, and 150 ohms. This test jig must be built 
on a copper-clad board, with short leads to all critical 
points; a common grounding point is important. If the 
values of current are plotted on 3-by-3 decade logarith¬ 
mic graph paper, the four points will lie on a straight line 
because of the logarithmic relationship between diode 
resistance and diode current. From this graph, the DC 
currents for all other resistance values can be read and 
the R dial can now be calibrated. (See fig. 5.) 

calibrating the capacitance dial 

This requires the measurement of the relationship 
between diode capacitance and DC voltage. The previ¬ 
ously mentioned diode package can be measured with 
a capacitance bridge, but the applied voltage must not 
exceed the tuning voltage. Capacitance meters that 
use constant current charging cannot be used because 
of the 6.2-kilohm resistor. 



fig. 3. Bridge component layout. 
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fig. 4. Test setup for resistance dial calibration. 



fig. 5. Resistance dial calibration chart. 
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When we set out to make the best amateur radio 
equipment in the world, we had some pretty tough 
standards to live up to... 



yours 


... and ours. 


So we designed ihe RC-850 Repeater Controller the industry's top ot the 

line repeater control system Now in it's "third wave” ol innovation, thanks to its 

designed lor the future architecture and new software releases 

Tne '850 defines the industry standard in repeater control systems 

• Fully remotely programmable with Touch-Tone commands 

• From panel LED display 

• Over 300 word customized male and temale speech synthesis vocabulary 

• Time/day of week Scheduler with 10 set-up slates 30 changeovers and 
events, over 100 scheduled items lor hands off operation and automatic 
reminders 

• Full or half duplex autopatch, autodial (250 numbers), emergency autodial 
reverse autopalch, anlidialer. toll restrict including telephone exchange 
tables, supports remote and multiple phone lines 

• Informative remotely programmable ID s (17). tail messages (13). 
bulletin boards (5) 

• 16 channel voice response analog metering, automatic storage of 
mm/max values on each channel, values may be read back on command 
or may be included in any programmable messages 

• Supports synthesized remote base transceivers and full duplex links 

• Individual user access codes to selectable features 

• Mailbox tor user-touser, and system-to-user messages 

• Paging - two-tone. 5/6 tone. DTMF CTCSS. HSC display, 
user commandable and may be included in programmable 
messages (re alarms) 

• Easy hookup to any repeater 


If your repealer budget can t afford the '850. we otter the 
RC-85 Repeater Controller which we like to call Ihe second best 
repeater controller in ihe world" Its a scaled down, simplified version ol 
our '850. but overall, it offers more capability and higher quality 
than anyone elses control equipment at any price 

• Remotely programmable with Touch-Tone commands 

• Over 175 word customized male speech synthesis vocabulary 

• Selectable Macro sets" lor easy control operator selection 

• Autopatch, autodial (200) numbers, emergency autodial reverse patch 

• Remotely programmable mtormative ID s (7). tail messages (3). 
bulletin board (2) 

• Supports synthesized remote base transceiver, control receiver, alarm 

• Selectable, informative courtesy tones 

• Talking S-meter, Two-tone paging 

• Easy hookup to any repealer 

For those who like to "roll their own' we can get you ott to a rolling stan with 
our ITC-32 Intelligent Touch-Tone Control Board Much more 
than |ust a decoder, it's a mini-control system ot its own with the basic 
repeater and remote base functions built-in And it can be tailored by you 
with its Personality Prom 

• 28 remotely controllable latched or pulsed logic outputs 

• 4 alarm or remote sensed logic inputs 

• Response messages to confirm command entry 

• Repeater functions including COR. IDer, timers courtesy tone, etc 

• Remote base functions including control of synthesized transceiver 


Our new Digital Voice Recorder lets you remotely record ID s. tail messages 
and various other response messages for automatic playback through your 
repeater Audio is stored digitally with no-compromise reproduction quality in 
up to eight megabits of memory The DVR can suppod up lo three independent 
repeaters for a low per-channel cost Its Touch-Tone activated voice mailbox 
lets your users easily record messages lor other users when they aren't around 


• Remotely recordable, variable length audio tracks 
accessed from controller messages 

• Top quality, no compromise audio reproduction 

• Supports up to three repealers tor cost effective installation 

• Expandable to roughly 6 minutes ot speech in 8 megabits of memory 

• Easy interface to RC-850. RC-85 controllers, or to any stand-alone repeater 


QST: Attention All Hams 

If you own a shack, you should know about ShackMaster" 
ShackMas ter lets you carry your home station with you in the palm ot your 
hand It acts as your gateway to the world, linking your handheld 
transceiver to your high performance HF station Now. instead of your 
valuable home equipment being available to you 1% of the time, 
it s available 99% of the time! Whether around Ihe house, in the yard, 
or across town. ShackMaster let's you take it with you 
But thars |ust part of ShackMaster's story It lets you communicate 
with the family by handling third party traffic - its electronic mailbox and 
intercom let you keep in touch And a simplex patch lets you place 
important calls directly Ihrough your home phone 

• Crossband linking - VHF/UHF lo HF 

• Telephone access to your home station 

• BSR Home Control interface 

• Electronic Mailbox 

• ShackPatch* intercom into the shack 

• PersonalPatch* simplex autopatch 


All our producis are documented with high quality, easy to read manuals 
Our goal is lo advance Ihe state of the repeater art But most ol all 
our products put the FUN back into the FUN MODE! 



To order one of these advanced control products, call 408-749-8330 
Technical manuals are available for purchase and the amount paid is applied 
as a deposit on Ihe equipment For specifications and a copy of our ACC 
Notes newsletter, |usl write or send in your QSL card to 


QCC 
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Visa and Mastercard accepted 


advanced 
computer 
controls, inc. 


10816 Northndge Square • Cupertino. CA 95014 


( 408 ) 749-8330 















Another method of measuring the capacitance in 
the noise bridge is to connect an inductor in parallel 
with the tuning diodes via a large DC blocking capa¬ 
citor. The DC voltage may be set to 3.5 volts. The 
anode terminals of the diodes must be isolated from 
the noise bridge circuitry and a 100-kilohm resistor 
connected from this point to the ground to provide 
a DC return for the tuning voltage. With the inductor 
connected, measure the resonant frequency first. 
Then add a known capacitance, 33 pF, in parallel with 
the diodes and measure the new resonant frequency, 
repeating this with 68 pF. The values of diode 
capacitance and inductance can now be calculated. 
Ater removing these additional capacitors, calibrate 
the C dial. For example, a capacitance of 70 pF is relat¬ 
ed to a specific frequency that is selected by adjust¬ 
ing the tuning voltage. A recommended inductance 
is 0.26 jtH, about 7 turns of diameter No. 18 AWG wire 
with 0.35-inch (9 mm) coil diameter. 

calibrating the noise bridge 

In order to understand the alignment procedure and 
interpret noise bridge readings properly, it is impor¬ 
tant to analyze the effect of parasitic inductances. 

The equivalent circuit of a resistor that has self¬ 
inductance (as a result of excessive lead inductance) 
is shown in fig. 6. If we convert the series R-L circuit 
into its equivalent parallel R-L circuit, resistor R1 is al¬ 
ways larger than R and LI is larger than L. Since LI 
is in parallel with the reference capacitor C Q , it reduces 
its apparent value and the noise bridge variable capa¬ 
citor must be set to a smaller value than C 0 in order 
to balance the bridge. Therefore, if we measure a resis¬ 
tor with self-inductance, the noise bridge indication 
is a higher R value and a capacitance value smaller 
than C a . As an example, at 145 MHz, the noise bridge 
will measure a 50-ohm resistor at 51.34 ohms and with 
3.5 pF less capacitance than C 0 , if the series induc¬ 
tance is 9 nH. This happens to be the inductance of 
a 1-centimeter length of No. 28 wire. 

Figure 7 shows the actual electrical circuit of the 
noise bridge X terminal area. L is the inductance be¬ 
tween the center pin of the SO-239 connector and 
transformer, including leakage inductance. The refer¬ 
ence capacitor C is assumed to be non-inductive. R 
is the load resistor. Figure 8 shows the calculated 
resistive and capacitive components of the impedance 
measured between points A and B as a function of 
R, under the assumption that L = 2.5 nH and C = 58 
pF. It is interesting to note that for resistance larger 
than 23 ohms the apparent capacitance is larger than 
C. This capacitance enhancement is caused by the in¬ 
ductance L, which is in series with C, creating a ser¬ 
ies L-C tuned cirucit that operates below its resonant 
frequency. We also see that a 50-ohm resistor appears 
to be only 38.8 ohms. If we reduce R from 50 to 25 



m 1 

fig. 6. Series to parallel component equivalents. 


L 

2.6pH 


08 7 

" c : : 

O-- 



Except at Indicated, decimal 
raluea of capacitance are In micro¬ 
farads (nFk others are In picofar¬ 
ads (pF); resistances are In ohms, 
k * 1,000 M * 1,000,000 

fig. 7. Noise bridge X terminal area circuit. 


ohms, the resistance decreases fairly linearly, but the 
capacitance decreases non-linearly from 64.5 to 60.1 
pF. In other words, the resistance variation results in 
a resistance and capacitance change. 

From the above it may appear that building an ac¬ 
curate noise bridge is very difficult, if not impossible. 
However, if we provide the same inductance of 2.5 
nH in the other branch of the noise bridge, the same 
capacitance enhancement occurs, but in the opposite 
direction and the above 38.8-ohm resistor becomes 50 
ohms again. Therefore, the criteria for correct noise 
bridge operation are as follows: 

1. A resistance change at the X terminal must not affect 
the capacitance reading. 

2. A capacitance change at the X terminal must not af¬ 
fect the R reading. 

3. A capacitance variation at the X terminal must be 
equal to the change of the variable capacitor. If we add, 
for example, a 33-pF capacitor in parallel with the refer¬ 
ence capacitor and if the variable capacitor is increased 
by only 25 pF to obtain bridge null, then the capacitance 
enhancement at the X terminal side is too small. We 
must therefore add inductance to the X terminal side. 

How well these criteria are met depends on transform¬ 
er construction and alignment. Despite the low imped¬ 
ance level of the bridge circuitry, parasitic capacitances 
also affect noise bridge accuracy. PIN- and tuning di¬ 
odes may also introduce self-inductance. 
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THE MOST COMPATIBLE ACCESSORIES 
ON THE BLOCK, JA? 









Ja. 

Because component compatibility Ls 
wliat it takes to get the most out of a 
satellite TV system. 

Which in turn keeps customers happy 
and out of your hair. 

That’s why all of our Luxor compon- 
ents-from the receiver to the antenna- 
are precisely engineered to be perfectly 
matched with each other. 

Including our fine quality accessories 
for multiple receiver installations. 

(1) DC-Passing Amplifier which 
pushes signal 20 dB to increase the cable 
length or the number of receivers. (One 
amplifier allows approximately 200 more 
feet ofRG6.) 

(2&3) 4-Way and 2-Way DC-Passing 
Power Dividers. 4-Way splits signal to up 
to four receivers; 2-Wav to two receivers. 
(Each port passes DC from LNB input 
allowing complete flexibility in switching 
receivers on/off.) 

(4) DC-Passing 10 dB Signal 
Attenuator which reduces signal level 
where there is a short run in a system 
that requires higher signal levels 
elsewhere. 

(5) DC-Passing V/H Switch for selec¬ 
tion of polarity at the receiver. It also 
passes the +18 volts only to the LNB it 
is selecting. 

T.I. Filter (not shown) clears up the 
picture in heavy interference or urban 
areas. On/off switch for transponders not 
exposed to T.I. 

For more information on Luxor’s 
complete line of compatible components, 
see your Luxor distributor. Or call toll 
free 1-800-245-9995. 

Luxor 

Luxor of Scandinavia. 

The birthplace of satellite TV. 
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Zl= Rl + JXl = Z 0 


Z 0 sinh (a + jb) - (R IN + j X IN ) cosh (a + jb) 
(Rin + j Xin) sinh (a + jb) - Z 0 cosh (a + jb) 


ZfN = Rin + j Xin = Z 0 


(Rl + jXi) cosh (a + jb) + Z Q sinh (a + jb) 
(Rl + j Xl) sinh (a + jb) + Z 0 cosh (a + jb) 


Rl ~ Zo 


X L = Z 


a — Nepers b — Radians 

z 0 R/n <‘ + + R 2 ) ~ A (Z 2 0 + Rk + xh)_ 

Zl + (A 2 + B 2 ) (Rj N + Xj N ) + 2Z 0 (BX in - AR m ) 
Z a X, N (1 - A 2 - B 2 ) + B (Rj N + Xj N - Z 2 ) 


Rin = Z 0 
Xin - Z c 


0 Z 2 0 + (A 2 + B 2 ) (R 2 n + X] N ) + 2Z 0 (BX, n - AR in ) 

(Rl + Zp A) (Z 0 -t- AR l - BX l ) + (Rl + AZ a ) (AX L + BR L ) 
(Z 0 + AR l - BX l ) 2 + (AX L + BR L ) 2 
(X L + BZ 0 ) (Z 0 + AR l - BX L ) - (R L + AZJ (AX t + BR L ) 
(Z 0 + AR l - BX l ) 2 + (AX l + BR l )2 


D = 1 + e 4a + 2e? a cos (2b) A = 

a — Nepers b — Degrees 
Parallel to series conversion: 


e 4a -l 

D 


B 


= 2e 2a sin (2b) 
D 


e = 2.71828 


R< 


Ri 


X 2 P 


r£ + xg 


X s = Xp 


Rp 


R 2 p + Xjj 


Series to parallel conversion: 


R P = 


Rl + xl 


Ri+ x$ 


R< 


Table 1. Conversion formulas. 


(1) 

( 2 ) 

(3a) 

(3b) 

(4a) 

(4b) 


(5) 


recommended calibration procedure 

All parts must be added directly in parallel to the refer¬ 
ence capacitor C a , using the shortest possible leads. 

1. Connect a non-inductive, 1 /4-watt resistor in paral¬ 
lel to C 0 . 

2. Set the resistance dial to 50 ohms and the capacitance 
dial to a value equal to the sum of C a and the SO-239 
socket capacitance (in our case, 59.5 pF). If there is no 
noise null, slight bending or reshaping of the transformer 
leads will help. A small piece of ferrite held close to one 
of the wires indicates where to correct. 

3. Add a 33 pF capacitor to C 0 . if the capacitance dial 
must be increased by less than 33 pF to obtain bridge 
null, additional inductance must be added at the X ter¬ 


minal side (this inductance may consist of a simple 0.157 
inch, wire loop). If necessary, the taps on the center 
balancing inductors shown in fig. 3, may be changed. 
This balancing inductor consists of three turns of bare 
wire, its center point soldered to the feedthrough insu¬ 
lator. If equality cannot be achieved, the ratio of the two 
capacitance values (which is larger than unity) can be 
used as an instrument correction factor so that any read¬ 
ing on the capacitance dial is multiplied by that factor. 
This improves bridge accuracy. 

4. Add another 50-ohm resistor in parallel to the first one. 
The R dial should indicate 25 ohms, and the C dial set¬ 
ting should not change. 

5. Adding a 33-pF capacitor to the first 50-ohm resistor 
should not affect the R dial indication. 
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fig. 8 Calculated resistive and capacitive components of 
the impedance measured between points A and B 
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fig. 9 Noise bridge application 


measuring admittances 
with the noise bridge 

The ideal location for admittance measurements is on 
the C„ side of the SO-239 connector, but this is not con¬ 
venient. Measurements on the other side of the connec¬ 
tor are easier to make. However, the additional induc¬ 
tance of the 0.748-inch center pin reduces accuracy, 
especially if adapters must be used. For example, the 
difference in R and C readings is about 1.5 ohms and 2 
pF if a 50-ohm BNC termination resistor is measured, us¬ 
ing a PL to BNC adapter. However, the error is small. 

measuring antenna impedance: 
example 

The block diagram of the test setup is shown in fig. 
9. It is assumed that the antenna may be represented by 
the series connection of a 24.846 ohm resistor and a 
24.91 -pF capacitor. The noise bridge is connected to the 
cable input with the 2-meter receiver serving as bridge 
null indicator. 

At this point we must digress and remember that we 
can calculate the load impedance Z/ of a transmission 
line from the (measured) input impedance Z/^if the ca 
ble parameters — attenuation, length, and characteristic 
impedance are known. Likewise, we can determine 
Z//vif Z/ is known. These conversions can be made with 
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Smith charts, but formulas are more accurate and con¬ 
venient, especially if a programmable calculator or com¬ 
puter is available. Table 1 is a listing of the required 
formulas. Formulas 1 and 2 can be used if you have a 
programmable calculator with complex operating mode 
(for example, an H P-15C). Formulas 3 and 4 lead to the 
same result, but are more cumbersome to use. 

Since the noise bridge readings are in parallel resis¬ 
tance values and the formulas assume series configura¬ 
tion, we must convert parallel-into-series circuits and 
vice-versa. These formulas are also listed in table 1. 

The most important cable parameter is length, 
represented by the term b in the formulas; it must be 
known fairly accurately. One method of determining the 
cable length, besides actually measuring it with a scale, 
is to disconnect the antenna from the coax and connect 
instead a suitable known resistor. You can then calcu¬ 
late with formulas 2 or 4 the cable input impedance Z m 
and compare it to the input impedance that was meas¬ 
ured with the noise bridge. If there is a difference, try oth¬ 
er values for b until agreement is reached. 

In our example, assume the cable length is not precise¬ 
ly known and estimate a length of 31.3 feet (9.55 
meters). (Figure 9 shows the exact length as31.49 feet, 
or9.598 meters.) The cable length corresponding to one 
wavelength at 145 MHz is 

3 - 108 • 0.66 = 1.3655 m or 4.48 feet (1) 
145 • 106 

where the factor 0.66 is the velocity constant of the 
cable. Since we have assumed a length of31,3feet(9.55 
meters), the value of b in formulas 1 and 2 becomes 

b = 360° , 9 ' 5 / cc • = 43.943 radians (2) 

1.3655 5 7.296 

The factor 57.296 converts degrees into radians. If we 
use formulas 3 and 4, b must be expressed in degrees. 

The value of a, the attenuation of the 31.3-foot 
(9.55-meter) cable, can be found from a handbook. As¬ 
suming 3 dB per 100 feet (30.48 meters), we obtain: 

a = - -i h'S • 0.H5 = 0.1081 Nepers (3) 

The factor 0.115 converts dB into Nepers. The charac¬ 
teristic impedance Z 0 is assumed to be 50 ohms. 

Now terminate the coax with a known resistor. Select 
a value that renders readings well within the range of the 
noise bridge. Obviously, values too close to 50 ohms 
must be avoided. The resistor must be accurately meas¬ 
ured witha DVM. Solder the non-inductive (preferably 
1 /4-watt) resistor, keeping leads as short as possible, be¬ 
tween the center pin and flange of an SO-239 socket and 
then plug it into the coax. The load impedance in ou r ex¬ 
ample is: 


Z L = 101.3 + JO 

(all values are expressed in ohms) .Using formulas 2 or 
4, the input impedance Z/^is calculated to be wither = 
0.1081 and b = 43.943 to: 

Z, N = 87.299 + j 4.046 

This is the input impedance measurement that should 
be indicated by the noise bridge. 

The noise bridge readings (taken at 145 MHz) are: 
R NB = 77.5 ohms and C^b= 65 pF. Since the 
capacitance setting for a pure resistor is 59.5 pF, the 
capacitance difference is5.5 pF. This represents, at 145 
MHz, a capacitive reactance of - j 199.57 ohms. The 
noise bridge readings are therefore 77.5 ohms in parallel 
with - j 199.57 ohms. Converting into its series equiva¬ 
lent, using formula 5, we have Z/yy = 67.34 - J26.15. 
Comparing this with the above calculated value for Z/yv 
from Zp for another set of parameters, a and b, we find, 
after a few trials, we that a = 0.109 and b = 44.3406 
render the best agreement between measured and cal¬ 
culated Z/yv- This value is 

Z IN = 69.67 - j27 

This compares favorably with the noise bridge measured 
input impedance of Z/Tv = 67.34 - j 26.15. 

Having found the correct cable parameters, recon¬ 
nect the antenna (in our example, the test load) and 
measure the input impedance Zj^ with the noise bridge. 
The readings are: SyvB = 40ohms, Cnb= 83.5pF. The 
actual capacitance is 83.5 - 59.5 = 24pF. Capacitive 
reactance is - J45.73. Converting into its series equiva¬ 
lent with formula 5, we obtain: Z/yy = 22.66 - j 19.82. 
This is the measured cable input impedance with the an¬ 
tenna connected. This value must be inserted in formu¬ 
las 1 or 3 to calculate the antenna impedance Zi, using 
a = 0.109 and b = 44.3406. The result is: Zi = 27.195 
- j 43.97. This is the measured antenna impedance. 

As shown in fig. 9, the actual load impedance is Zi 
= 24.846 - j 44.066. 

This is a remarkably good result, considering the high 
operating frequency and the fact that the assumed 
values for cable attenuation and characteristic imped¬ 
ance may not be correct. However, errors in aand Z 0 are 
much less significant than errors in b. 

In this example, the actual load consists of a 103-ohm 
resistor in parallel with an 18.9-pF capacitor, which is the 
parallel equivalent. This permits a more inductance-free 
connection, thereby reducing the instrumentation error. 

summary 

The construction of a VHF noise bridge that is ac¬ 
curate enough to permit credible and reproducible meas- 
urements on antenna systems is possible if a PIN diode 
serves as variable resistor and tuning diodes replace the 
variable capacitor. The component layout must be such 
that no wiring interconnections are necessary. Undesira¬ 
ble ground currents that degrade the null indication are 
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avoided using single point grounding, a brass mounting 
surface, balanced noise injection, and proper transform¬ 
er construction. 

For antenna measurements via the feedline, we must 
know its exact length. If the length is not known, it can 
be found from measurements of the cable input imped 
ance with the noise bridge and by comparing this value 
with the calculated input impedance, using a known ter 
mination resistor. One advantage of this method is in the 
fact that the calculated value of b represents the actual 
cable condition and includes its velocity constant, which 
does not have to be known. All necessary formulas to 
calculate load impedance from input impedance, and 
vice-versa, are presented as are network conversion 
formulas. 

If the above method cannot be used because we can¬ 
not connect the test load, or if the cable length is not 
known accurately enough, the noise bridge readingsare 
still the exact load impedance that the transceiver 
"sees." This load is the antenna impedance, which may 
be transformed by the transmission line into a complete¬ 
ly different value, depending on cable length. 

If you want to measure impedances directly at the X 
terminal, be careful to avoid undesirable inductances 
and capacitances. Series connection of several adapters 
will degrade accuracy. Generally, a resistor with series 
inductance (or self-inductance) measures higher; the 
capacitance reading is below the reference value. 

To circumvent the deficiencies of the SO-239 connec¬ 
tor, measure the unknown impedance using a coaxial 
cable half a wavelength long at the frequency of interest, 
with properly integrated PL-259 plugs on both ends. 
Thus, the SO-239 connector becomes part of the coax 
geometry and does not affect accuracy. Components 
must be connected with the shortest possible leads, 
preferably using an SO-239 jack that is then connected 
to the cable. 

Possible sources of error are the instrument tolerance 
in the noise bridge and discrepancies in the assumed 
values for cable attenuation and characteristic imped¬ 
ance. The validity of the formulas may also be ques¬ 
tioned. Butaccording to numerous tests — and bearing 
in mind the statistical distribution of errors — the RMS 
error of this VHF noise bridge is less than 3 ohms in both 
the resistive and reactive components. 

There is still room for improvement of the presented 
design, possibly in transformer construction, bridge 
alignment, and in establishing electrical symmetry be¬ 
tween the X terminal and reference branch of the noise 
bridge. 
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• APPLICATIONS: Cordless portable TV camera lor races & other public service 
events, remote VCR etc Remote control of R/C airplanes or robots Show home 
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artificial transmission lines 


Construction of striplines 
and hybrid couplers 
using hand tools 

Impedances can be matched in a variety of ways; 
some examples are the well known 1 /4-wave stub and 
its lesser known cousin, the series-section matching 
line. For OSCAR work, where circular polarization is 
required, the branch line hybrid is ideal. 

In most matching methods, transmission lines of 
non-standard impedances are required. The easy way 
out is to parallel two or more coax cables to come 
close to the required impedance; the harder way is to 
fabricate transmission line from copper pipe and brass 
tubing. Series-section matching uses two or more 
lengths of different, but standard value impedance 
coax. The problem with these, however, is splicing 
them together. 



stripline 

One form of transmission line used at UHF is called 
stripline. It is basically two printed circuit board strips. 
One PC board has a ground plane on one side and the 
transmission line center conductor etched on the other 
side. The other PC strip has a ground plane only. The 
two are assembled as in fig. 1A. To complete the self¬ 
shielding feature, such as in coaxial cable, a conduc¬ 
tive foil covers the exposed edges of the dielectric. The 
impedance of a stripline transmission line impedance 
is directly proportional to the width, W, of the line and 
inversely proportional to the ground-plane spacing, b. 
The W/b ratio and the dielectric constant, e, of the 
laminate determine the impedance of line (see fig. IB). 

But there's a problem with stripline. Printed circuit 
boards are fairly thin, and the center conductor width 
is small for the more popular line impedances. Thin 
traces are suitable for printed-circuit manufacturing 
but are rather awkward for the average ham to 
manufacture. The way to circumvent this problem is 
to widen the ground-plane spacing with Plexiglass® . 
The center line thus becomes proportionally larger for 
the same impedance (see fig. 2). 

A quarter-wave artificial line was made with a 
printed circuit board exterior, two Plexiglas spacers 
and 0.002 inch (0.05 mm) brass shim stock for the cen¬ 
ter wire (fig. 3). Measurements were made with a 
General Radio admittance meter type 1602-A (fig. 4) 
at 150 MHz. The result for 0.25 inch, 0.125 inch and 
0.062 inch Plexiglass is shown in fig. 5. Some advan¬ 
tages are obvious; for a line impedance of 50 ohms 
and using 0.25 inch (6.5 mm) spacers the center con¬ 
ductor width is 0.4 inch (10 mm), a dimension easily 
cut with average tools. But consider, too, the surface 
area. Most readers know about skin depth at radio fre¬ 
quencies. RF travels on the skin of a conductor. At 

By Rudolf E. Six, KA80BL, 30725 Tennessee, 
Roseville, Michigan 48066 
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fig. IB Impedance of the stripline is determined by width 
to ground plane spacing. W/b and dielectric constant t, 
of laminate. 


a depth, 6, ("skin depth") the current decreases to 37 
percent of its surface value. For a copper conductor. 


5 = 2.6 s!l/f 


where 

ft - skin depth (inches) 
f = frequency (Hertz). 

As an example, at 150 MHz skin depth would be 
0.00021 inch (0.005 mm). Thus, 0.002 inch (0.05 mm) 
shim stock is adequate for UHF. A width of 0.4 inch 
(10 mm) is equivalent to a round center conductor of 
approximately 0.25 inch (6.4 mm) diameter. 

The resonant length depends on the dielectric of the 
Plexiglass: 




fig. 3.1 4 wave stub fitted with a GR connector on the left and 
a 50-ohm termination made up of four film resistors on the right. 
Aluminum foil wrap stub are held together with paper clips 


V = // V< 

where 

V = velocity of propagation 
f = dielectric constant 

and 

3 . ioio . V 
L ~ / 

where 

L = electrical wavelength (cm) 
f = frequency (Hertz) 

V = velocity factor 

The measured velocity factor was 0.60 or a dielectric 
constant of 2.78, close to the listed constant of 2.8 
for Plexiglass. The Fiberglass part of the PC board is 
part of the line dielectric (r = 4) and affects the total 
dielectric constant as the Plexiglass gets thinner. I used 
a velocity factor of 0.6 for the length calculation of 
quarter-wave stubs. The SWR, being the important 
factor, is flat over a wide frequency range. The hybrid 



fig. 4 Test setup using the GR 1602 A bridge 


coupler, however, has a sharp isolation bandwidth and 
several factors affecting resonant length, which are 
discussed later. 

construction of stripline 

The center conductor is 0.002 inch (0.05 mm) brass. 
This is available as brass shim stock in sheets or rolls 
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from machine tool supply firms. Figure 6 shows the 
fixture used for accurately slicing the shim stock. The 
base is a thick slab of Plexiglass. Formica or bakelite 
would also work, but the material must be hard 
enough so an Xacto' blade won't cut into it. I bought 
two steel rulers and mounted one firmly to the Plex¬ 
iglass. I attached the second ruler with two DeStaco 
hold-down clamps, also available from tool supply 
firms. 

To cut an accurate strip, the shim stock edge is 
placed against the fixed ruler. The second ruler, with 
the shim underneath, is spaced to the required width 
with vernier calipers. The clamps are secured and an 
Xacto knife is used to slice the brass shim stock. It 
takes a little practice, but the results are much better 
than you'd get with scissors. 

The plastic spacers are Plexiglass brand Lucite." 

I used this well-known brand because of its widespread 
availability and the possibility of variations in the die¬ 
lectric constant of other brands. Check the thickness 
of the Plexiglass; it does have some rather wide toler¬ 
ances. The printed circuit board is standard 0.0625 
inch (1.5 mm) G-10 glass epoxy. A table saw with a 


fine-tooth blade was used to cut the Plexiglass and 
the PC board. 

To mount the RF connector, a hole is first drilled 
through one of the PC boards and both Plexiglas 
spacers. The bottom PC board is left undrilled. The 
diameter of the hole is the width of the mounting 
flange of the RF connector. I used BNC connectors 
because most of my test equipment uses BNCs. BNC 
connectors, however, are prone to be intermittent. 
Use UHF connectors for 2-meter work and N connec¬ 
tors for 70 cm and above. The TNC connector is excel¬ 
lent for low-power work at UHF. Not well known to 
Amateurs, the TNC is small and has low SWR charac¬ 
teristics." 

A small hole was drilled into the brass strip for sol¬ 
dering to the connector. This presented quite a pro¬ 
blem since the spinning drill grabbed the thin brass, 
but the problem was solved by squeezing the brass 
strip between two pieces of scrap Plexiglass (fig. 7). 
The top piece has a hole predrilled to the right 
diameter. The brass strip is positioned accurately 
underneath, then the assembly is held firmly by hand 
and the hole is drilled through. The result is a nice 
clean hole in the right place. 



fig. 6. Tools for cutting brass shim stock. 



fig. 7. Drilling a hole in the brass shim stock. Two pieces of Plex¬ 
iglass are used to guide the drill. 


’Microwave Components. 11216 Cape Cod. Tavlor. Michigan 48180. 
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M automatic bandswitching 
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*M available now 
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Automatic bandswitching on 80 and 
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§ 


% 


Add-on units for 160 and 30 or 20 
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•32 feet tall - may be top loaded for 
additional bandwidth 

For more information see your 
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most handheld trans¬ 
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13.25* 

(33 7cm) 



fig. 8A. Dimensions and layout of a power splitter used for impedance matching 



fig. 8B UHF connector has been filed down to fit. Note solder 
access hole for the connector on the back side. 



fig 8C A quarter wave 2 meter power splitter 


The transmission line is ready for final assembly after 
the center conductor has been soldered to the RF con¬ 
nectors. I could have drilled a number of holes and 
held the transmission line together with nuts and bolts, 
but I found it easier to glue the whole assembly. I sim¬ 


ply held everything together with C-clamps and wicked 
plastic glue along the edges with a hypodermic nee¬ 
dle. The glue is methylene chloride.** 

Avoid using plastic glue with acetic acid as an ingre¬ 
dient (vinegar odor); it is conductive. A variety of glues 
are available from commercial firms selling plastics. 
The outer conductor is completed by soldering 0.001 
inch (0.03 mm) brass shim stock between both PC 
boards. 

How wide should the line be made? Or in other 
words, how far away should the center conductor 
edge be from the outer shield? If the transmission line 
is too wide, it tends to be inductive; if it's too narrow, 
the line impedance is affected by the outer shield being 



fig 9 The pieces making up a hybrid coupler When the strip 
was cut. a line was drawn with a needle to mark the center of 
the strip. This line was used for drilling the solder hole. 


••Weldon 3‘ available from Industrial Polychemical Service. P.0 Bo« 379, 
Gardena. California 90247. 


July 1986 E3 25 








too close to the center conductor. I found the best 
distance between center strip and outer shield to be 
equal to the thickness of the spacers. Thus if 0.125 
inch plastic spacers are used, the total width of the 
stripline is 0.375 inch (including the 0.0625 inch PC 
boards) larger than the width of the center conductor. 

matching lines 

A quarter-wavelength matching line is used to 


the input impedance, Z a , of a quarter-wave line ter¬ 
minated in a resistive impedance, Z b , is 

Z a = Z/-?/Z,, 

where Z1 = impedance of quarter-wave line, 
rearranging 

7.1 = sTZ a Z b 

This means that the matching line, commonly called 


demonstrate the first practical use of these striplines. 
The impedance transforming properties of quarter- 
wave transmission lines are well known. Most 
Amateurs use them to couple antennas with an imped 
ance different from that of the feed coax. Basically 


POR 
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FREOUENCY (MHz) 
ISOLATION PORT I TO PORT 2 



fig. 14. 2-meter hybrid coupler: (A) Port 1-2 isolation; (B) 
dimensions. 


a Q section, must have an impedance, Z1 to match 
an antenna Z a to coax Zb- If two antennas of 50 ohms 
are paralleled, the impedance is 25 ohms, and a Q sec¬ 
tion of 35 ohms is required to match this combination 
to 50-ohm coax. 

The dimensions and layout for such a power split¬ 
ter are shown in fig. 8A. With 0.25 inch (6.4 mm) 
spacers, the SWR was less than 1.1:1 from 144-148 
MHz. A UHF connector was soldered to each side of 
the line to make it possible to solder them side by side. 
Even so, their mounting base had to be filed down to 
make them fit fig. 8B. The mounting hole for the UHF 
connector was drilled through both PC and Plexiglass 
strips so the center conductor could be soldered to 



FREOUENCY (MHz) 

(SOL AT ION PORT t TO PORT ^ 


fig. 15. Test results of the2>meter hybrid coupler operat¬ 
ing in the 70-cm band. 


each connector from the back. A completed power 
splitter is shown in fig. 8C. Various types of power 
dividers are covered in reference 1. 

hybrid couplers 

Made up of interconnected transmission lines, the 
branch-arm hybrid coupler provides a 3-dB power split 
and a 90-degree phase shift between both outputs 
(fig. 9). Complete units for 2 meters and 70 cm are 
shown in fig. 10. This is ideal for OSCAR 10 commu¬ 
nications, in which two Yagis are mounted at right 
angles to each other and fed out of phase by 90 
degrees. Depending on which antenna is fed first, we 
can get right-hand or left-hand circular polarization. 
The hybrid coupler can be used in reverse to combine 
the signal returning from the satellite. Ernie 
Franke, WA2EWT, wrote an excellent article on this 
device. 2 

I constructed a hybrid-coupler from coax for the 
receiving end of my OSCAR 10 station. Three coax 
cables, including the outer shields, had to be soldered 
to each RF connector. Because the physical result 
didn't exactly excite me, I tried to come up with a bet¬ 
ter way of making these couplers; this led to the work 
presented here. (Although the basic idea behind these 
couplers is covered in this article, I would also recom¬ 
mend that anyone interested read parts 1 and 2 of 
reference 2.) 

The quarter wavelength 50-ohm line parallels port 

1 and port 2 with a total resistance of 25 ohms at port 

2 (fig. 11). Note that port 1 has a 90-degree phase shift 
from port 2. The 35-ohm line is used to convert the 


July 1986 GB 27 






fig. 16. 70-cm hybrid coupler: (A) Port 1-2 isolation; (B) 
dimensions. 


25 ohms back to 50 ohms. Adding a second leg (fig. 
12) sets up the following conditions. The current from 
the generator divides itself between port 2 and port 
1 as before. A much smaller current also flows towards 
the isolation port from the generator following two 
paths. The long way around is one-half wavelength 
longer, or 180 degrees out of phase. These signals 
arrive in opposite polarity and cancel. This virtual short 
at the isolation port sets up two shorted quarter-wave 
stubs, one toward the generator and one toward port 
1. Their high impedance prevents current from flow¬ 
ing into the isolation port. 

Now what happens when reflected current flows 
back into port 1 because of poor port matching? The 
reflected current is absorbed by the isolation port and 
the generator. Again a small current flowing toward 
port 2 by way of two paths creates a virtual short at 



port 2. The resulting shorted quarter wave stubs pre¬ 
vent current flow from port 1 to port 2. The result is 
isolation between ports (fig. 13). 

The first hybrid coupler constructed was for 2 
meters. With care in fabrication, excellent isolation can 
be achieved between ports (fig. 14A). Inside and out¬ 
side cuts on the Plexiglass and PC frame were made 
with a table saw. Make sure the result is square. The 
distance between the RF connectors was marked 
accurately before a pilot hole was drilled. Good isola¬ 
tion depends on equal distances between ports. Even 
if the frame isn't perfectly square, make sure these dis¬ 
tances are equal. Note the width of the frame legs, 
0.625 inch (16 mm) and 0.775 inch (19.7 mm). One 
might think that a fractional value would be hard to 
duplicate; buy a pair of inexpensive plastic vernier 
calipers and practice on a piece of scrap before mak¬ 
ing the final cut. All the hybrid couplers used 0.125 
inch (3 mm) Plexiglass. The completed assembly was 
held together with eight small C-clamps. Methylene 
Chloride was wicked between the pieces with a 
hypodermic needle (a small brush or Q-tip® would also 
work). 

After approximately an hour's drying time, the shield 
is completed by soldering on the 0.001 inch (0.03 mm) 
brass shim stock. 

Width of the stripline also affects the frequency res¬ 
onance of the coupler. The line becomes inductive 
with increasing width. Since 0.125 inch (3 mm) Plex¬ 
iglass is used, the line width is 0.375 inch (9.5 mm) 
wider (including the 0.0625 inch [1.5 mm] PC boards) 
than the brass center conductor. All these factors are 
much more apparent in the hybrid coupler than in the 
simpler power splitter because the hybrid coupler 
tunes more sharply. 

I also ran some tests with the 2-meter hybrid cou¬ 
pler at the third harmonic in the 70 cm band. Each leg 
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ST-8000 wf MOdfM 


ST-8000 

HF-MODEM 



The ST-8000 HF MODEM is a high-performance, fully adjustable modulator/demodulator for use in 
high-frequency radio data systems. The HF Modem features fully adjustable frequencies and baud 
rates, memories, diversity, regeneration, print squelch, CRT tuning indicator, and multiple AM or FM 
detectors. The bandwidths of the input filter, Mark filter, Space filters, and post-detection filters are 
tracked with the selected data rate (10 to 1200 baud) to assure optimum signal recovery for all signals. 
Front panel parameters may be controlled from an external ASCII terminal or computer. A full comple¬ 
ment of I/O interface options allows use of the ST-8000 with virtually any terminal and radio system. In¬ 
stall the HAL DS3100ASR CRT terminal and ST-8000 HF Modem in your communications system and 
enjoy the benefits of a data system designed for radio operators. 


•Tuneable trom 500 to 4000 Hz in 1 Hz steps 
•Set 10 to 1200 Baud in 1 baud Increments 

• Four input band pass litters 

•32 matched Mark and Space tiller bandwidths 

• Mark and Space 7-pole linear phase LP filters 
•Filter BW and selection computed and set 

by microprocessor front panel controls 

• RTTY shifts from 40 to 3500 Hz 

•Eight programmable non volatile memories 
•Split or transceive RXITX tone selection 
•FM or AGC-controlled AM signal processing 

• - 65 to + 20 dBm dynamic range (AM or FM) 
•Exclusive HAL Digital Multi-Path Correction 

(DMPC™) 

•MIS. Mark Only (MO) or Space Only (SO) detector 
modes using Adpative Threshold Detector (ATD™i 
•Adiustable Print Squelch and non-diversity Amplitude 
Squelch 

•Exclusive hal Infinite Resolution Diversity Control 
(IRDC™) 

•Digital signal regeneration 


•ASCII/Baudot code and speed conversion 
•Quick Brown Fox and RYRY test message 
generator 

•Programmable Selective-call (SEL-CAL) 
printer control 

•Transmitter PTT KOS control 
•Antispace 

•RS232C. MIL 188C. or TTL Terminal I/O 
•LP1200 Option lor polar or neutral loop 
•8. 600, or 10K ohm Input Impedance 
•8 or 600 ohm output with adiustable level . 

•AFSK or FSK transmitter outputs 
•Remote terminal or computer control 
of all demodulator parameters 
•Exclusive HAL Spectra-Tune™ and X Y 
Mark/Space CRT tuning indicators with automatic 
trace on/of! control 

• 100 130/200 250 VAC, 44 440 Hz power 
•3 5" high rack mounting cabinet (14 deep) 
•Shielded and filtered lor radio system use 


™ Infinite Resolution Diversity Control (IRDC), Spectra Tune Digital Multi path Correction (DMPC) and Adaptive 
Threshold Detector (ATD) are trade marks of HAL Communications: patents pending 

Write or call for complete ST-8000 specifications. We think you will agree that it opens new frontiers in 
radio data communications. Contact the Government & Commercial Products Division for price and 
delivery information. 



HAL Communications Corp. 

Government & Commercial Products Division 

1201 W Kenyon Road 

P.O. Box 3(>5 

Urbana. IL bl80l-0385 

(217) <07-7 371 TWX: ‘i10-243-0784 


More Details? CHECK-OFF Page 110 
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SUCCESS 


BOOMERS WIN 

1983 Central States VHF 
Conference, Antenna Contest 


144MHz BOOMER 

220MHz BOOMER 
432MHz BOOMER 


1st Place 
2nd Place 
1st Place 
1st Place 
Commercial 


BOOMERS WIN AGAIN 

1883 EME CONTEST WA1JXN 

1st PLACE 2 METERS 
WITH 12 X 32-19 
PLUS 

1st TO WORK SPACE 
SHUTTLE 


They have talked to winning scores in many impor¬ 
tant amateur activities including the 1979. 80. 81 
June VHF contests, 1981 Central States antenna 
measuring contest. 1981. 82 EME contests, 1982 
Rocky Mountain antenna measuring contest and 
many more. Now there are three new' numbers: the 
424B, 24 elements tor 432 MHz; the 410B, 12 
elements at 432 MHz; and the 416TB. 16 elements 
at 435 MHz for satellite communications. 

The new Boomer models feature insulated 
elements, stainless steel hardware, N type connec¬ 
tor, T match feed and trigon reflectors. 


THREE EXCITING NEW BOOMERS 

HIGHEST GAIN BOOMER XL 

Boomer XL is "the antenna for 2 meter DX" with higher 
gain and cleaner pattern this antenna is designed to per¬ 
form and survive in harsh environments. It has 18 
elements on a 28.8 ft. 8.8 m tapered boom. 

MODEL 4218XL 144-145 MHz 

WIDEBAND BOOMER 215WB 

Featuring the latest in wideband technology. The 215WB 
is high performance across the entire 2 meter band, for 
FM, SSB or CW. It features 15 elements on a 15 ft. 4.57 m 
boom. 

MODEL 215WB 144-148 MHz 

FM BOOMER POWER PACK 

A combination of 215WB Boomers vertically polarized 
with support boom, power divider, and interconnect 
harness. Like all boomers it features all stainless steel 
hardware. You'll easily work those distant repeaters. 

MODEL 230WB 144-148 MHz 



OSCAR BOOMERS 


En|oy the thrill ot OSCAR 10 with a 
Cushcratt antenna system, featuring the 
fabulous 416TB BOOMER, giving more per 
lormance through better electrical design 
and superior construction 

Order a complete package as shown left 
416TB. A144 20T and A14T MB For less than 
S200.00 - you'll enjoy the thrill of worldwide 
OSCAR communications 



48 Perimeter Rood, P.O. Box 4680 
Manchester, NH 03108 USA 
TELEPHONE 603-627-7877 
TELEX 953-050 CUSHSIG MAN 
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then becomes 1 and 1/2 wavelengths. The frequency 
tripled almost perfectly (fig. 15) and again with good 
isolation. 

The second coupler was made for the 70 cm band. 
Dimensions are shown in fig. 16. As the coupler 
becomes smaller, care in construction becomes even 
more important. The center of the frame had to be 
cut with a sabre saw because the unit is too small for 
a table saw blade. A file was used to finish the dimen¬ 
sions. This unit will be used for the transmitting end 
of OSCAR 10. 


Presently the rig has one low-power amplifier and 
the output drives two crossed Yagis with a matching 
arrangement. I can now double the output by adding 
an amplifier. Impedances are 50 ohms, and the advan¬ 
tage here is that I can tune antennas for minimum 
SWR with a standard 50-ohm SWR bridge. 

conclusions 

The aim of this article has been to present a simple 
method of constructing matching devices of high qual¬ 
ity, in which connector problems commonly encoun- 


Appendix A (See fig. 5.) 

The information below is provided for the benefit of readers who wish to make their own graph for the data shown in fig. 5. 
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Zl = 'JZtZc Z1 = V2.J Zt/Zc 
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High Quality OBM 
Repeater OM»et 
GaAsFET Receiver 
25 WATTS OUTPUT 


Selectable Input. 
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AVAILABLE FROM 
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Ivars lauxuma KC2PX ~~ ' 
52 Slortesvyck Drive 
Bella Mr.u! New Jersey 06502 
(201| 674 6013 
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1 44Mhx SOLID STATE LINEAR 
GaAsFET Pre Amp 
Bargraph Display 
200 WATTS OUTPUT 


MODELS AVAILABLE FOR 
50Mhz.432Mhz 
* 1296M hz 

OSCAR MODE B & L 
AMATEUR TELEVISION 
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Appendix B. Data for figs. 14. 15, and 16, 

2-meter hybrid coupler Port 1-2 isolation. 

143 95 MHz - 34 dB 

144.39 -36 

144.86 - 39 

145.13 -41 

145.88 - 44 

146.37 - 41 

146.8 -38 

147 34 - 35 

148.04 - 32 

2-meter hybrid coupler (operated in 70 cm band) 

Port 1-2 isolation. 

430.065 - 20 dB 

431 695 - 23 

433.475 - 25 

434 42 - 27 

435 55 - 30 

437.5 - 33 

438 95 -30 

440 -27 

440 97 - 25 

442.64 - 23 

444 035 - 20 

447 035 - 18 

449 82 - 15 

70-cm hybrid coupler Port 1-2 isolation. 

449 MHz 35 dB 

448 -37 

447 - 39 

446 -40 

445 - 39 

444 - 37 

443 - 35 

442 - 33 

44) -31.5 

440 - 30 

439 . - 29 

438 - 28.5 

437 27.5 

436 26.5 

435 25.5 

434 25.5 

433 24 

432 23.5 

431 23 

430 22.5 


tered in making matching systems are eliminated. 

Moving up to the GHz ranges could be accom¬ 
plished by using styrofoam rather than Plexiglass in 
a ring hybrid; the size problem could be avoided by 
operating on an odd harmonic such as shown above. 

references 

1 George Chaney. W5JTL. Extended Expanded Power Dividers," hem 
radio, October, 1984, page 73. 

2. Ernie Franke. WA2EWT. The Branch Line Hybrid." ham radio. Parts 1 
and 2. April (pago 1071 and May (page 931. 1984 
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New type of PLL 
beats the 
phase noise barrier 



Buj ■ 


1968 modal 1162 MH/ signal sourca 


low-noise phase-locked 
UHF VCO 

part 1: the noise problem 


Much has been written about voltage-controlled 
oscillators. In a recent ham radio article Hans 
Roensch, W0DTV, described a free-running UHF 
VCO, correctly acknowledging that such an oscillator 
cannot be used effectively in narrowband systems 
where low phase noise is required.' WODTV’s article 
referenced an earlier article of mine, which included 
a description of a way to phase lock oscillators to re¬ 
duce noise. 2 

One of the major disadvantages of the phase-locked 
loop I described in reference 2 is the lack of AFC, re¬ 
quiring that'the VCO be set on frequency manually 
to effect phase lock. Under adverse conditions, drift 
of the oscillator's tuned circuit may exceed the hold- 
in capability of the loop, causing the VCO to unlock 
or jump to another phase-lock point. In this scheme 
the oscillator's frequency is divided by a factor of 40 
to make it compatible with the phase detector. This, 
as we shall see, is another disadvantage, which adds 
32 dB of excess noise to the VCO. 

To make this a more practical system, two additional 
features are needed: automatic frequency control 
(AFC) and UHF phase detection to avoid the need for 
prescaling. 

background 

A free-running VCO intended for use as a receiver's 
local oscillator (LO) in the 1215-1300 MHz band will 
generally exhibit a very broadband phase noise charac¬ 


teristic. Without the benefit of crystal control, its spec¬ 
trum may be so wide that the carrier is not readily 
identifiable on a spectrum analyzer because the devi¬ 
ation factor is so large. While the degree of phase 
modulation is relatively minor on the HF and VHF 
bands, as frequency is increased the modulation an¬ 
gle becomes proportionally larger. Self-excited TV os¬ 
cillators, for example, often sound like buzz saws on 
a UHF receiver as they wander around. Something 
better than this is obviously needed for use as a local 
oscillator in a narrowband receiver intended for recep¬ 
tion of NBFM, SSB, or CW in the 1215-1300 MHz 
band. 

The 1296-MHz transceiver I put together fifteen or 
twenty years ago was built around a 1152-MHz crystal- 
controlled signal source. I added a 144 MHz SSB sig¬ 
nal to the 1152-MHz generator in an up converter to 
develop the 1296-MHz SSB exciter signal. Converse¬ 
ly, I used the 1152 MHz generator as the LO in a down- 
converter and a 2-meter receiver as the IF. This is a 
scheme in general use by many UHFers. Note that 
twice the 1152 MHz oscillator frequency is 2304 MHz, 
a fact of considerable interest to those operating both 
bands. 

The original 1296 MHz exciter employed a crystal 
oscillator-multiplier chain driving a step-recovery di- 

By Norman J. Foot. WA9HUV, 293 East 
Madison Avenue, Elmhurst, Illinois 60126 
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New rigs and old favorites, plus the best essential accessories for the amateur. 


36? 1 FANNIN ST 
HOUSTON TX /70O4 3913 
CALL FOR ORDERS 
1 /13 520 7300 OH 
1 /13-520-0550 



ALL I TIMS AHL GUARANTEED OH SALES PRICE 
REE UNDID 


EQUIPMENT 

Kenwood Call for prices on all Kenwood 


Kenwood T S940S corHester s delight Call 

I 

Icom R 7000 25 2000 MH/ 849 00 

Icom IC3200 489 95 

Santee ST20T Nandi Talkie 289 00 

Item 1C 735 799 00 

Ten Tex: 2510 (Easy OSCAR) 489 00 



ACCESSORIES 

B8W VlEWSTAR ANTENNA TUNER 89 95 

Heil HC3/HC4/HC5 Stock 

Heil BM10 Boom Mike headset 59 95 

CSI Private Patch III 469 95 

F L UKE 77 auto ranging digital multimeter 125 00 
Datwa CN620B 20 200 2000W 109 95 

AlincoEl H 230D Exceflenl buy 79 00 

Nye MB5 A (lot the lj«y liuys*) 529 00 

Shore 444D 54 95 

Wahl 7470 Solder mg Station 49 00 

Kenwood IF 10A D C. Stock 

Kenwood IF 232C level translator 49 00 

Miller C514 T low pass I4tcv 43 50 

B8K Test Equipment VOM c»m illrscopes 
generators etc CAL L 

ANTENNAS 

Isopole 144 MH/ 44 95 

A4 269 00 

402CO 279 95 

4?4B 84 00 

215WB New 15 El 2Mbeam 79 95 

AOP t Complete Oscat Antenna 149 95 

ButternutHF6V So U)vctIic*I 125 00 

HF2V 80 & 40 vortical 119 00 

HF4B 189 00 

HusUwG7 144 119 95 

Huslloi 6BTV 139 00 

H.ur*4 Rulalni T2X CD45 2 Call 

Kl M HF WcwkJ Class Senes Artleniias Call Don 

Alprv, Delia Twin Slope. 49 00 

Coax Seal 2 00/roll 

B8W Dipoles less 10*0 

Hy Gam TH7DXS 489 00 

I xpiorer T4 349 00 

Discoverer 1 element 40M 169 00 

2 element 40M 369 00 

3 element only 249 00 

CD 45 2 Great Tfibander Rotor 169 (X) 

V2S(2metef) 59 (X) 

HG52SS 52 ft ciankuptowcr 1199 00 

Prepaid Iroighl when you order ntfrer Hy Gam items witf> 
tower 

KIMKT34A 339 00 

40M 2 299 00 

New Tdex/HyGam? 18s Complete 
HD OSCAR system I rsl 365 00 Your Cost 269 LK) 

OTHER ANTENNAS 

l.aisen Kulduck 17 00 

l arsen 440 HW 1/2 wave Kulduck 25 00 

A van 11 API 51 3G on Glass Antenna 36 00 

An1eco2M 5/8 Mag Mount Comp 25 00 

A van 11APR450 5G On glass 39 00 

Orion 2M 1/2 wave handy Antenna 19 00 

Van Gordon SI A 1 160 80 40 Sloper 34 00 

. in r AB b Mot iii• i ■ 

Sloncr DA 100 D Active Rk Antenna 190 (X) 

DC lenna Hilrh t'8 24 Thread 
I its 3/4" 1" ir.Her hitches 29 95 


•NEW 

ALPHA DELTA 4 

HEAVY DUTY COAX SWITCH 

with ground fxrs & lightning protection 69 00 

Collins KWM2/S Ime xtais 10 00 each 



751A Lr.t M9900 Your Cost 1299 00 


751A lr4 149900 Your Cost 1299 00 

KEYS 

Bencher & Vibroplo* Less lO^n 

Bencher is now improved Screws A springs all stainless 
steel and extra hand pohshmg 

Trade m you r old r .inn key on rv-w Vibroptex/BonchcrS 00 
Nye ESK001 Keyef 58 00 

TUBES 

Collins 8 Drake Replacement tubes stock 

GE6146B 1195 

F*mac3 5007 109 95 

GE Industrial Tub**;. Call 

GF 12BY7A 7 00 

GE6JS6C 12 95 

Cewon 572B 69 00 

GE 8950 14 00 

BOOKS 

We stock SAMS TAB ARRl RSGB Amoco Radm 
Put» Call 

PASSE D Your code vot 9 Try Gordon West s Code T apes 


Philmore Field Sirenqth/SWR Meier 19 95 

3 150MH/ KW* 


SURPLUS 

24 Pm Soldertail d p sockets 25/eacti 

150MFD/400VDC 195 

1 5 Amp/400V lull *•■»«<* bridge reclifiei 1 95 

2 5AM 000PIV E pr • • y diode 29 car:)» or 19 00/10U 

0015/1OKV < w 001 20KV T 95 each 

3N201 95 

4 mch ternte rod 1 95 

365pF cap 1 95 

Sanyo AAA AA N tends w'tabs 2 00 

2 4 5 6 8 pm me flings 3 00 

1/8 1/4 wall carbon resistors 05 each 

Meiers 0 3000 VDC 2 " Square 0 1 Amp DC 9 95 

Drake Colitis rmko plug 2 00 

Miniature toggles 5 A/125VAC 1 50 each 

Close out on irgs 8 accessories All the time Call 

We may have what you're looking tor 

BELDEN 

9913 low loss soli J t enter tod/t>taid shield 51c/ft 

8214 RGB Foam 45c/ft 

8237 RGB 39c/t| 

8267 RG213 55c/tt 

8000 14 Ga stranded copper ant wire 13c/fl 

8448 8 conductor rotor cable 33c/f1 

9405 Heavy 1luty ? 16 Ga 6 18 Ga 56c/tt 

9258 HGH. 

9269 RG62A/U 16c/H 

8403 Mic Cable. 3 condctr 8 shield 45c/tl 

100 feel 8214 w'o hIs installed 54 00 

8669 7 t6“ tinned copper braid 1 00/11 

International Wire RG214 non mil gc>odcatile 70c/lt 

Internatronal Wire 9086 exact replaceinent tor Beiden 
9913 36c/tl 

International 16 Ga -branded antenna wire 6c'lt 

lnterna1ion.il 4063 RG 213 28c/ft 

AMPHENOL 

ailSPPl259Siverplale 125 

UG176 reducer RGB* 30 

631J Doubt*’ Female UHF 2 00 

82 61 N Mak? 3 00 

82 97 N Female Bulkhead 3 00 

82 63 Inline Female N 4 00 

82 98 N oltKiw 9 00 

31212BNC RG59 150 

312BNCHG58 150 

34025 N M.»U- RG58 3 00 

34125 N Femote l 'Hi male 9 00 

3128BNCF.-m.ik HC259 3 00 


TOWER ACCESSORIES 

1/4" E H S Guy cable Rohn US 1000 tl 250 00 
3/16* E H S cable Rohn US 100011 21000 

1 4" Guy Cable 6100 #7x7 strand tmjKXt 15c/tl 
3/16" Guy CalHe 3700 #7 * 7 strand import 12r./l1 
3/8 * 6 E8J Turnbuckle 7 95 

3/16" Wire Rope Clips 40 

1/4" wire dips 50 

1/4 Thimbles 45 

Porcelain 500D Guy Insulator (3/16) 1 99 

Porcelain 502 Guy insulators (1/4) 3 39 

COMPUTER STUFF 

Kantrorucs UTU XT 319 00 

Fits any computer (even yours') 

Morse University (Great CW program lor C 64) 39 00 

PACKET POWER 

AF A PK 64 does RTTY ASCII AM TOR also 199 00 
AEA PK 80 TAPR II 199 00 

NEW Kantronics Packet II 199 00 

MFJ 1270 115 00 

AEA PM 1 149 00 

SERVICES 

Alignment any late model rig 50 00 

F lat tee Collms rebuild Call 


USED EQUIPMENT 

All equipment used clean with 90 day warranty and 30 
day trial Si* months lull trade agamslncw equipment Sale 
price refunded it not satisfied 

POLICIES 

Minimum order $10 00 Mastercard VISA orCOD All 
pnccs FOB Houston crept as noted Prices subject to 
change without notice Mem;, subject to prior stile CaUany 
lift if to check the slain*. 1 jl youi order T exas residents add 
• ili 1 . la* All il.-m*. lull laulory warranty plus Madison 
warranty 

Bi m 
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Electronics Supply 


3621 FANNIN 
HOUSTON TEXAS 77004 

1-713-520-7300 OR 1-713-520-0550 
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fig. 1 

Block diagram of 1968 model 1162 MHz crystal oscillator multiplier chain. 



ode (SRD) multiplier associated with a cavity resona¬ 
tor to develop the 1152-MHz local-oscillator signal. A 
64-MHz crystal oscillator was followed by a tripler, a 
doubler, and two stages of 384 MHz amplification. The 
second amplifier, a 2N3866, was used to drive the 
SRD. The power output from the cavity resonator was 
+10 dBm. Most of the circuitry was relatively straight¬ 
forward, but the SRD and cavity resonator circuits 
were quite complicated mechanically. Many contacts 
were made on 1296 MHz using this signal source for 
the exciter and downconverter, even before the 
1296-MHz band was as well populated as it is today. 
Figure 1 is a block diagram showing the crystal- 
oscillator multiplier system. 

instrumentation 

Since that time I have acquired an HP 8551/851B 
spectrum analyzer, which gives me the opportunity to 
look more closely at the oscillator's noise and spuri¬ 
ous performance. The frequency spectrum showed 
spurious signals about 30 dB below the carrier and am¬ 
plitude and phase noise at or below the noise floor of 
the spectrum analyzer. An oscillogram of its spectrum 
is shown in fig. 2, with a photo of the unit. 

The 8551 can measure 70 dB below the carrier in 
a 1-kHz bandwidth. Phase and amplitude noise of an 
oscillator can be observed on this spectrum analyzer 
if the noise is great enough; however, for phase noise 
measurements of a clean and highly stable source, the 
spectrurti analyzer leaves much to be desired. 
Nevertheless, it does represent a benchmark against 
which the rtoise and spurious signal characteristics of 
other oscillators can be compared. 

Why be concerned with oscillator spectral purity? 
Because sideband amplitude and phase noise can con¬ 
vert directly into the receiver's passband and limit over¬ 
all sensitivity under multiple signal conditions. 3 4 For 
example, when a weak signal is being detected in the 
presence of a stronger signal, oscillator phase noise 
— beating with the strong signal appears at the mix¬ 
er's output and enters the IF even though the strong 
signal may not. If the phase noise of the local oscilla¬ 
tor is great enough, the desired signal may be com¬ 
pletely buried in noise. Therefore, it is important that 
the phase noise of the local oscillator be made as small 
as possible. Low phase noise is one of the most im¬ 
portant characteristics of an oscillator. 



fig. 2. Oscillogram of spectrum of crystal oscillator multiplier 
chain. BW 1 kHz. Horizontal scale 30 kHz/cm: Vertical scale 
10 dB/cm. 


specifications 

The VCO described here was intended to replace 
the 1152-MHz crystal-controlled oscillator-multiplier 
chain discussed above. The ground rules I set were 
to achieve performance as close to that of the origi¬ 
nal unit as possible and to accomplish this in a simple 
manner. The oscillator would be operated directly at 
1152 MHz without the need for frequency multipliers 
or cavity resonators and would be phase locked to a 
crystal reference signal in a relatively simple phase-lock 
loop. AFC would be included to avoid the possibility 
of any frequency ambiguity. 

phase-locked loops 

The theoretical aspects of phase-locked loops have 
been well covered in the references listed at the end 
of this article. It might be a good idea to do some 
reviewing before proceeding further. In particular I 
suggest reading (or re-reading) the two articles by 
Craig Corsetto, WA60AA. 46 For the most part, I will 
use Corsetto's notation to make this article easy to 
follow. 

phase noise at VHF 

It is less difficult to design a PLL around a digital 
phase detector than an analog one, especially when 
the VCO operates in the HF or VHF bands. But going 
beyond VHF into the UHF region introduces problems 
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OFFSET FREQUENCY lt m l 

fig. 3. Possible phase noise characteristics of a UHF VCO. 


that call for a considerable amount of ingenuity to keep 
phase noise low. The alternative would be to use mul¬ 
tiple loops, but this increases the circuit complexity 
considerably. 

To start out, I used a CD4046 phase/frequency de¬ 
tector; this required that the frequency of the VCO be 
prescaled (divided) by a large number so it would be 
compatible with the CD4046's upper frequency limit. 
I used an RCA CA3179 prescaler followed by a 
74LS191 divider. The prescaler operated in the divide- 
by-256 (UHF) mode, and the 74LS191 was pro¬ 
grammed to divide by eight. Total division was 2048, 
providing 562.5 kHz to the phase detector. By itself, 
this circuit was effective in providing AFC and phase 
detection, but, as we shall see, the noise introduced 
due to the division factor would be unacceptably high. 

loop bandwidth 

The loop bandwidth, fp, is a key factor in terms of 
phase noise because frequencies less than f] are un¬ 
der the control of the PLL while those greater than 
are not./p is the frequency corresponding to unity 
open-loop gain: 

t K<t) K V ( 0 


Kq = phase detector sensitivity 
in volts/radian. 


Kv'o = 42 MHz/volt, voltage tuning sensitivity. 
N = 2048, oscillator division factor. * 


For the CD4046, Kg = 0.7. Plugging in these values 
yields //? = 2285. The significance of this number will 
now be discussed. 

It is possible to calculate to a fairly good approxi¬ 
mation the phase noise of a free-running oscillator as 
a function of sideband frequency, using the follow¬ 
ing relationships: 7 ' 89 


£ (fm) = 10 log 


FKT 

2P a „ 



This equation is not as formidable as it may seem. The 
first term is Johnson noise divided by the oscillator's 
power output, which is 1/SNR (1/signal-to-noise ra¬ 
tio). F is the noise factor of the active device, K is 
Boltman's constant, and T is the absolute temperature. 


°K. 


The second term represents the manner in which 
noise is distributed on each side of the carrier frequen- 


*1 have departed from Corsetto's notion by defining N in the usual manner as 
the divisor, a number equal to or greater than 1. This should help avoid confusion. 
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At DIVIDER N DIVIDER 


fig. 4. Functional block diagram, new 1152 MHz generator. 


cy. The term f m is the distance away from the carrier 
that a measure of phase noise might be made. Note 
that when f m is very large, the second term ap¬ 
proaches unity, and 

£ (fm) approaches 10 log [ 737 ^ 

This is generally referred to as the single-sideband 
noise floor. 

Going away from the carrier, VCO noise decreases 
until it intersects the noise floor at/ m = / 0 /2Qi_. At 
a VCO frequency f 0 = 1152 MHz and loaded Q, Ql 
= 25, the noise floor corner is 23 MHz. (As a rule of 
thumb, Qi = 0.2 Qu, where Qt/isthe unloaded Q .) 

closing the loop 

Using the various values of f m , the dotted curve of 
fig. 3 was drawn, including the noise floor, noise cor¬ 
ner, and unity gain band edge, fa. When the loop is 
closed, the noise departs from the 20-dB/octave slope 
and tends to become constant from fa to the carrier. 
The solid curve of fig. 3 represents the noise response 
of a fictitious VCO phase locked to a reference oscil¬ 
lator. Because N is so large, VCO noise near the car¬ 
rier is relatively high. 

The importance of fa cannot be overemphasized. 
As the loop bandwidth is widened, more and more 
phase noise comes under the influence of the loop, 
making for a quieter VCO. 

One way to widen the loop bandwidth is to reduce 
N. Unfortunately, the upper frequency limit of the 
CD4046 is about 2.5 MHz, based on a propagation 


time of 200 ns between terminals 15 and 13. The low¬ 
er limit on N is therefore about 450, giving 

f/3 = 10 kHz 

This reduces in-band phase noise by about 15 dB, 
which is better, but still not good enough. 

phase noise characteristics 

The phase-noise floor of a well designed crystal os¬ 
cillator is about 165 dB below the carrier at offsets be¬ 
yond 20 kHz but increases rapidly at lower frequencies 
as shown in fig. 3. 10 This curve was extrapolated from 
various manufacturer's specifications and includes 
low-frequency flicker noise. Since the noise of a VCO 
locked to this reference is increased by 20 log N above 
the noise of the reference, the best that can be ex¬ 
pected of the VCO under these conditions is about 
-80 dBm/Hz at offsets below fa. Notice that the 
phase-locked noise level is only 10 to 15 dB lower than 
for the free-running mode, because N is so large and 
fa so low. The curve of the free-running VCO was cal¬ 
culated and has been verified only indirectly. While the 
curve is referred to as "fictitious," it may in fact be 
quite representative of the VCO's actual performance. 
Use of such a VCO as the LO in a communications 
receiver would surely degrade overall performance, es¬ 
pecially in a multi-signal environment. An alternative 
would have to be found. 

phase/frequency detector 
— part of the solution 

The CD4046 is an interesting device because it is a 
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combination phase and frequency detector. In this 
dual role, it first steers the VCO toward the desired 
frequency (i.e., provides AFC) and then phase locks 
it to the reference. While the 4046 is not the only 
means to this end, it is far simpler than most other 
schemes. However, because it requires the use of a 
prescaler, phase noise is relatively high at UHF. What 
would happen if somehow N could be made equal to 
unity? f& would then become 2.55 MHz, providing a 
theoretical reduction in phase noise of over 60 dB! This 
would put the VCO noise in the vicinity of -150 
dBc/Hz and allow the noise specification of the UHF 
oscillator to be met. 

In an earlier ham radio article I wrote about a 
programmable HF receiver that uses direct synthesis 
(TV= 7). 11 For AFC I added a counter, digital compa¬ 
rator, and a DAC (digital-to-analog converter). This 
receiver is still the workhorse of my station. It occurred 
to me recently that I might be able to use a similar di¬ 
rect phase detection scheme to provide phase lock¬ 
ing and low noise at UHF, together with a CD4046 for 
AFC purposes. The question was, could these two cir¬ 
cuits be made to work together? If so, this would fi¬ 
nally solve the noise problem. 

the final scheme 

The UHF PLL that finally evolved is illustrated in 
functional block form in fig. 4. The main loop includes 
a phase detector operating directly at 1152 MHz. The 
auxiliary loop includes the CD4046, which provides 
AFC. A "picket fence" of reference signals’ 2 36 MHz 
apart in the vicinity of 1152 MHz, is fed from the spec¬ 
trum generator to one port of the phase detector. An¬ 
other port receives a sample of output RF from the 
oscillator. The third port receives a frequency-steering 
signal from the CD4046. The output of the phase de¬ 
tector feeds a loop filter and amplifier driving the reac¬ 
tance port of the VCO. 

With this configuration, the noise of the VCO is ba¬ 
sically the same as that of the reference oscillator. As¬ 
suming that the noise curve of the reference shown 
in fig. 3 is accurate, then the VCO phase noise should 
be —90 dBc/Hz near the carrier, dropping down to 
— 150 dBc/Hz 10 kHz from the carrier and beyond. 
These are very respectable numbers indeed. 

frequency programming 

Using the numbers associated with fig. 4 establishes 
1152 MHz as the UHF oscillator's only operating fre¬ 
quency. However, a number of other options have 
been made available: 

• Provisions have been made to enable selection of 
TV = 7, 8, or 9, corresponding to VCO frequencies of 
1008, 1152, or 1296 respectively [fvco = 7 44N). 

• A VXO can be used instead of the fixed-frequency 


crystal oscillator to vary the UHF oscillator's frequen¬ 
cy by a small amount, typically ±1.0 MHz. 

• Other output frequencies may be selected by chang¬ 
ing the crystal frequency. Given a desired UHF out¬ 
put frequency, the corresponding crystal frequency 
will be as follows: 


64 fvco 
2048 


for TV = 8 


or f x = 0.03125 f V co 

For example, if the VCO frequency is to be 1116 MHz, 
f x = 0.03125 • 1116 = 34.875 MHz. 

As another example, suppose the UHF oscillator is 
to be used as the LO for an OSCAR 10 upconverter. 
If the SSB generator is at 28 MHz, fvco - 463 MHz 
and f x = 14.46875 MHz. Of course, in this situation 
both the crystal oscillator and UHF oscillator induc¬ 
tances would have to be increased appropriately. 

If you are planning operation on the new 902-928 
MHz band, and if you use 29 MHz as the IF, a high- 
side VCO will operate at 933 MHz and f x = 29.15625 
MHz, or a low-side VCO will operate at 875 MHz with 
f x = 27.34375 MHz. 

The circuits described here are by no means all- 
inclusive. The basic circuitry can easily be applied to 
other frequencies and other schemes, including fully- 
synthesized systems. For example, a frequency syn¬ 
thesizer could be substituted for the reference oscil¬ 
lator; however, this is beyond the scope of this article. 
The objective here is based on the concept that most 
Amateur UHF applications can be satisfied by provid¬ 
ing a dedicated output frequency per individual circuit 
board. 

Next month: construction, testing, and per¬ 
formance. 
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EIMAC Tubes Provide Superior 
Reliability at radio station KWAV 
over 112,000 hours of service! 


Ken Warren, Chief Engineer at 
KWAV reports that their 10 kW 
FM transmitter went on the air in 
November, 1972, equipped with 
EIMAC power tubes. The origi¬ 
nal tubes are still in operation af¬ 
ter over 13 years of continuous 
duty! 

Ken says, “In spite of terrible 
power line regulation, we've had 
no problems with EIMAC tubes. 
In fact, in the last two years, our 
standby transmitter has oper¬ 
ated less than two hours!" 

Transmitter downtime means 
less revenue. EIMAC tube relia¬ 
bility gives you more of what you 
need and less of what you don’t 
want. More operating time and 
less downtime! 

EIMAC backs their proven tube 



MONTEREY, CALIFORNIA 


reliability with the longest and 
best warranty program in the 
business. Up to 10,000 hours for 
selected types. 


R * * 


Send for our free Extended War¬ 
ranty Brochure which covers 
this program in detail. 

Write to: 


Varian EIMAC 
301 Industrial Way 
San Carlos. CA 94070 
Telephone: (415) 592-1221 


Quality is a top priority at EIMAC, 
where our 50-year charter is to 
produce long-life products. 
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★ MORSE ★ BAUDOT ★ ASCII ★ AMTOR ★ PACKET * 



TOO GOOD TO BE TRUE? 


PAKRATT™ Model PK-64 


shown with enhanced 

HFM-64 option installed 


FIRST FIVE MODE 
DATA CONTROLLER 

The Pakratt model PK-64 by AEA is 
the world’s first computer interface 
that offers Morse, Baudot, ASCII, AM¬ 
TOR and Packet all in one box (hard¬ 
ware and software included) at a price 
many competitors charge for Packet 
alone (from $219.95 Amateur net). Do 
not let the low price fool you; coming 
from any other company but AEA it 
WOULD be too good to be true. The 
PK-64 works with virtually any voice 
transceiver. The Pakratt is the easiest 
of any to hook up and have operating 
in just a few minutes. 

In Packet mode, the PK-64 offers vir¬ 
tually all the features of every other 
Packet controller on the market, plus 
many important features left out by 
others due to cost constraints. For ex¬ 
ample, we have included a hardware 
HDLC, true Data Carrier Detect (DCD), 
multiple connect with up to ten sta¬ 
tions simultaneously and full imple¬ 
mentation of version 2.0 of the AX.25 
protocol. 

Because the PK-64 was designed 
specifically for the Commodore 64 (or 
C-128 and SX-64) computer, we have 
been able to do many things not eco¬ 
nomically feasible with general 
RS-232 interface controllers. For ex¬ 


ample, the Pakratt includes true split 
screen operation with on-screen stat¬ 
us indicators and an on-screen tuning 
indicator. 

ENHANCED HFM-64 MODEM OPTION 

The standard PK-64 will operate all 
modes with a phase-lock-loop (PLL) 
detector roughly equivalent to all pop¬ 
ular packet modems in the market¬ 
place (except we have included extra 
filtering). The enhanced HFM-64 mo¬ 
dem option offers true independent 
dual channel filtering with A.M. detec¬ 
tion (like the famous CP-100 Computer 
Patch™). The enhanced HFM-64 op¬ 
tion also offers a hardware LED tuning 
indicator (like the CP-100) and a front 
panel variable threshold control for 
setting maximum sensitivity under va¬ 
rious band ^conditions. We recom¬ 
mend the HFM-64 option for anyone 
keenly interested in weak-signal 
heavy-QRM HF operation. For anyone 
desiring to operate FM RTTY with the 
standard North American tone pair or 
CW receive, the HFM-64 is required. 
The HFM-64 is field installable with no 
soldering or test equipment required. 

WORKS WITH THE POPULAR 
C-64 COMPUTER 

AEA designed the PK-64 around the 


low-cost C-64 because of the special 
architecture features making it espe¬ 
cially suited to Amateur Radio appli¬ 
cations. The C-64 should not be viewed 
as a mainframe, but rather a very eco¬ 
nomical accessory to your data com¬ 
munications system. Many owners of 
expensive computers such as IBM, 
TANDY, APPLE, KAYPRO, ATARI, etc., 
are now buying the low cost C-64 and 
dedicating it to their operating posi¬ 
tion. They simply cannot find software 
for their machine that even ap¬ 
proaches the power and user friendli¬ 
ness of the PK-64. Plus, think of the 
convenience of having only one con¬ 
troller and keyboard to go from one 
mode to another without having to re¬ 
do cabling! 

The PK-64 is so complete that all 
you need to do is wire up a microphone 
connector to the end of a cable (provid¬ 
ed) and you are ready to go. There is no 
need to track down special terminal 
software, cabling or even a power sup¬ 
ply. It all comes with the PK-64. So do 
not be the last on your block to own 
the most exciting new product in 
years. See the PK-64 at your favorite 
dealer or write for our specification 
sheet now. 

Prices And Specifications Subject To 

Change Without Notice Or Obligation 


Advanced Electronic Applications, Inc. 

P.O. Box C-2160, Lynnwood, WA 98036 0918 
(206) 775-7373 Telex 6972496 AEA INTL UW 
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PRACTICALLY SPEAKING 


using the multimeter 

In last month's column we dis¬ 
cussed various forms of multimeters 
Amateur Radio and other electronic 
hobbyists use in making electronic 
measurements. This month we'll dis¬ 
cuss how these instruments are used 
in practical applications. The proper 
use of volt, current and ohmmeters — 
as well as how to make high voltage 
and RF voltmeter probes — will also 
be discussed. 

how to connect meters 

It's essential that you learn the cor¬ 
rect way to connect meters into a cir¬ 
cuit, because using these instruments 
incorrectly can lead to catastrophe. 
Figure 1 shows the correct methods 
for connecting the various forms of a 
basic meter. Note well that voltage, 
current, and resistance aren't meas¬ 
ured in the same ways; this fact leads 
to a high potential for damage to mul¬ 
timeters because the different func¬ 
tions are switch-selected. It's all too 
easy to "misconnect" a multimeter by 
switching ranges without first chang¬ 
ing the position of the probes. The 
connections for voltmeters and current 
meters are shown in fig. 1A. 

There are two simple rules to 
memorize: 

1. Voltmeters are connected in parallel 
with the load. 

2. Current meters are connected in ser¬ 
ies with the load. 

Don't ever violate these rules! The 
second rule — always connect the am¬ 
meter in series and never in parallel — 
is especially important. If an ammeter 
is connected across the load, its low 
internal resistance will draw large cur¬ 
rent from the power supply of the cir¬ 
cuit under test, and that current is 


usually much larger than the full-scale 
range of the meter. On an analog 
meter (a "pointer type" rather than 
digital) the pointer will often bend 
around the peg and a puff of smoke 
will waft from the edge of the case. 
The problem may be reduced in some 
digital multimeters (DMM), but is still 
present. Fortunately, most manufac¬ 
turers now place fuses in series with 
their multimeter probes. 



The rule for ohmmeters is to discon¬ 
nect the resistance being tested from 
the circuit even though the power is 
turned off. There are two reasons for 
this procedure: first, there may be 
parallel alternate paths for current to 
follow, and these will cause an errone¬ 
ous lower reading; second, there may 
be current stored in capacitors in the 


circuit, and that current can be large 
enough to destroy the meters. 

Power supply filter capacitors are 
particularly dangerous to meters. 
Although even professional electron¬ 
ics workers may ignore this rule, it's a 
good habit to follow even if discon¬ 
necting components is a bit of a 
nuisance. 

voltmeter "errors" 

I can recall an incident in a labora¬ 
tory class in which an electrical en¬ 
gineering instructor couldn't tell a 
certain student why the voltages read 
in an experiment were considerably 
lower than called for in the lab manu¬ 
al — and lower than the results of 
other students. The reason for the er¬ 
ror turned out to be loading of the cir¬ 
cuit by the voltmeter. 

A voltmeter has an input impe¬ 
dance. For a volt-ohm-milliammeter 
(VOM) type of instrument, the input 
impedance can be determined by the 
sensitivity rating in ohms per volt. 
Most good meters have a sensitivity of 
20,000 ohms per volt, and some espe¬ 
cially fine meters are rated at 100,000 
ohms per volt. Many inexpensive im¬ 
ported meters, on the other hand, 
have a 1000 ohms/volt sensitivity, 
which is very bad. Incidentally, the 
sensitivity reflects the full-scale "natur¬ 
al" range of the meter movement used 
in the VOM. The 20,000 ohms/volt in¬ 
strument uses a 50 ^cA movement, 
while the 1000 ohms/volt meter uses 
a 1 mA meter movement. 

Figure 2 shows a sample circuit to 
illustrate the problem of loading. The 
circuit consists of a 10-volt source, V, 
and two series resistors, R1 and R2. 
What we need to know is the voltage 
across resistor R2 — that is, voltage 
V2. The correct voltage will be: 
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„„ V • R2 10 volts x 10K 
_ R1 + R2 _ (100K + 10K) 

V2 = 0.909 volts 

Now, consider what happens when we 
connect the voltmeter across resistor 
R2. The total resistance of this branch 
of the circuit is now the parallel com¬ 
bination of R2 and the meter's input 
resistance. Consider a 1.5 volt full- 
scale setting for the meter. At this set¬ 
ting, the 20,000 ohm/volt model has 
an input impedance of 30,000 ohms, 
and the 1000 ohms/volt has an input 
impedance of 1500 ohms. When con¬ 
nected in parallel with R2 to measure 
the voltage drop across the resistance, 
the combination of R2 and the input 
impedance forces new values of "R2" 
of 7500 and 1300 ohms, respectively. 
These heavily loaded resistances 
reduce the measured voltages from 
0.909 to 0.697 and 0.128 volts, respec¬ 
tively. These errors, which are sub¬ 
stantial, clearly illustrate the reason for 
using a voltmeter with a high internal 
impedance. 

high voltage probes 

Most high voltage meters are really 
ordinary voltmeters with a multiplier 
resistor or voltage divider network ad¬ 
ded. Figures 3 and 4 show two alter¬ 
nate methods for adding high voltage 
ranges to the standard multimeter. The 
HV probe of fig. 3 is used on those 
meters that have a specified input im¬ 
pedance of 10 Megohms (for example, 
VTVMs). When the series resistance 
inside the probe is 990 Megohms, the 
voltmeter will read 1/100 the actual 
voltage. Thus, a 30,000 volt potential 
will read 300 volts on the meter. This 


type of probe is widely available from 
electronic supply houses, especially 
those that cater to television service 
technicians, who often use such probes 
in conjunction with regular voltmeters 
for measuring anode potentials on color 
TV sets. 

The basis for the probe shown in 
fig. 3 is the resistor voltage divider cir¬ 
cuit, in which one element is the series 
resistance and the other is the volt¬ 
meter input impedance. These probes 
require an input impedance of 10 
Megohms. However, modern elect¬ 
ronic voltmeters, including FETVMs 
and DMMs, have input impedances 
much higher than 10 Megohms. For 
these cases we use a circuit such as 
the one shown in fig. 4. Again, when 
you buy an HV probe for your instru¬ 
ment it's likely to have this circuit in¬ 
side; in fact, some of the "universal” 
probes on the market are little more 
than circuits such as the one shown in 
fig. 4 with 100:1 or 1000:1 reduction 
ratios. 

You can, if you prefer, make such 
a probe yourself. I once made one for 
a hospital electronics lab that was 


based on the old-fashioned model 
shown in fig. 3. We had the old probe, 
which mated with a traditional VTVM, 
but it didn't work on the new DMM 
with its advertised 1000-Megohm input 
impedance. Since the meter had a pair 
of banana jacks spaced 0.75-inch apart 
(a standard value), I mounted resistor 
R2 on a dual banana plug and soldered 
the combination to the ends of the old 
HV probe. The value of R2 was 1 
Megohm, so with the 990 Megohms of 
the probe resistor I had a new probe 
with a 1000:1 reduction. We needed 
the probe for measuring the 12-15 KV 
anode potential of some elderly San¬ 
born scopes. In that case, a reading of 
1.2 to 1.5 volts indicated the correct 
vlaue. In other applications, one could 
use the same 10 Megohms for R2 as 
was common for VTVM input im¬ 
pedances to make a 100:1 reduction 
HV probe. 

A high voltage probe should be 
equipped with a good alligator clip for 
this connection. If you use an ordinary 
alligator probe, or a poor quality alli¬ 
gator clip for the common lead, then 
all bets are off — you could easily zap 


VTVM (ETC I 



fig. 3. High-voltage probe is used on meters with specified input impedence of 10 
Megohms. 



July 1986 SB 45 










the meter. Damage to the meter is es¬ 
pecially likely wheri it and the circuit 
under test are both grounded. If the 
common lead comes loose, the current 
from the high voltage circuit will try to 
find ground through the instrument. 

meters in RF circuits 

Very few multimeters are designed 


SHIELDED CABLE 
TO VOLTMETER 



I ^ 0.0/ I 

L__._X.-i_ 

fig. 5. RF blocking probe allows measure¬ 
ment of DC voltages in circuits where RF 
is likely to be present. 


to operate in RF circuits. There are two 
problems: first, we sometimes need to 
measure DC voltages in the presence 
of large RF voltages; second, we might 
want at least a relative indication of the 
value of the RF voltage present in the 
circuits. Fortunately, we can build our 
own probes that serve both functions. 

The RF blocking probe shown in fig. 
5 is designed to allow measurement of 
DC voltages in circuits where RF is 
likely to be present, such as in a radio 
transmitter. The circuit inside the 
probe is a low-pass filter consisting of 
a 2.5 mH RF choke and a 0.01 ^F capa¬ 
citor. This circuit will block enough RF 
in most cases to permit a reading of 
the DC component. If there's still a 
problem, try two or three sections of 
the RFC/capacitor circuit to provide 
additional attenuation. 

There are problems to be aware of 
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fig. 6. RF voltmeter probe circuits demodulate AM signals. (A) Low-cost demodulator was 
found in signal tracers; (B) Long popular with Radio Amateurs, this circuit was original¬ 
ly published in the ARRL Handbook-, (C) Another popular circuit can be calibrated in terms 
of RMS voltage. 


when using the RF blocking probe 
shown in fig. 5, however. The most 
obvious is that the RFC and the capa¬ 
citor might interact with LC elements 
in the circuit and could thus distort the 
readings. It's also possible to damage 
certain circuits by detuning them — as 
in detuning a plate tank circuit while 
the circuit is live, for example. 

Another problem is that RF chokes 
have a resonant frequency. This fre¬ 
quency is a result of the inductance 
and interwinding capacitance of the 
choke. When using the probe at the 
choke's natural resonant frequency, it 
will act like any other resonant circuit 
and perhaps destroy itself. 

RF voltmeter probe circuits are 
shown in fig. 6. Both of these are 
sometimes called "demodulator 
probes" because they'll demodulate 
AM signals. A service instrument 
called a signal tracer is little more than 
an audio amplifier with a low 
capacitance probe up-front to pick up 
audio signals. If we replace the low 
capacitance probe with one of the cir¬ 
cuits shown in fig. 6, we'll be able to 
troubleshoot AM receiver RF and IF 
circuits. With the diodes shown, we 
can measure RF potentials up to about 
50 or 60 volts peak. For greater poten¬ 
tials, use two or more diodes in series. 
The diodes, by the way, are old-fash¬ 
ioned germanium diodes. Although 
largely supplanted in the market by sili¬ 
con diodes, there are still many 1N60 
diodes used as video detectors in TV 
receivers. You can still buy 1N60 di¬ 
odes under the ECG-109 and certain 
other "universal" replacement part 
numbers. 

The probe shown in fig. 6A was 
used in a number of low-cost demodu¬ 
lator probes associated with signal 
tracers a few years ago. The circuit 
shown in fig. 6B, on the other hand, 
has been popular among Radio 
Amateurs for decades because a simi¬ 
lar circuit was published in the ARRL's 
Handbook. Finally, there's another cir¬ 
cuit, shown in (fig. 6C) that's also very 
popular, and can be calibrated in terms 
of RMS voltage. 
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Under New Ownership 

American made RF Amplifiers and Watt/SWR Meters 
of exceptional value and performance. 

•5 year warranty • prompt U.S. service and assistance 

WATT/SWR METERS 

• peak or average reading 

• direct SWR reading 
MP-1 (HF) 1.8-30 MHz 
MP-2 (VHF) 50-200 MHz 


RF AMPLIFIERS 


220 MHz ALL MODE 

C106 LOW in*60W out 
(1W-15W, 2W=30W) RX preamp 

C1012 10W in = 120W out 
(2W=45W. 5W»90W) RX preamp 

C22 2W in S 20W out 
(useabk in 200mW 5W) 


2 METERS-ALL MODE 

B23 2W in = 30W out 
(useable in: 100 mW-5W) 

B108 10W in=80W out 

(1W = 15W. 2W=30W) RX preamp 

B1016 10W in = 160W out 
(1W=35W, 2W=90W) RX preamp 

B3016 30W in = 160W out 
(useable in: 15 45W) RX preamp 
(10W =100W) 


430-450 MHz ALL MODE 

D24 2W in=40W out 
(1W =25W) 

D1010 10W in = 100W out 
(1W*25W. 2W* 50W) 


RC-1 AMPLIFIER 
REMOTE CONTROL 

Duplicates all switches, 18’ cable 

Available at local dealers throughout the world 
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and Honest 
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AEA AMT-1. REGULARLY $479.95 

NOW ONLY $299.95 

THE AMTOR TERMINAL UNIT III Works with any 
ASCII terminal or personal computer with a terminal 
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MMT1296/144G 

1 296 1 296MHz 1 44. i 2w GAASE l T 

$369 

MM T432/2$ S 

432 43/MH; ?&f U>w 

$2/9 

MMT220/28 S 

220 22SMH: ?8if I0w 

$249 
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GAASfET 

$339 

MMT5078R 
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430 440MH.-, 0 /Oh nt 25dh gam 

$179 

MV1296-S 

1250 1300MH/, t Odbnf i6rtbgain 
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Sequencer lor MV preamps 

$79 

PA23I0 

I296MH: 10* solid staid PA 

$199 

PM1300A 

Termmalmg waff meter (20mw 20W) 

$219 

EME ELECTRONIC 


HI 400 

H»gh power relay. 144 2kw 43? ikw 

$119 

PA231S0 

12'ThMH: 2 tub? PA 1S0«W 

$369 

PA 1325 

2304MHz 1 tub*- PA 25 ♦ W 

$349 

WATTMETFR 

43? 1296 2304 MH; 

$279 

PA23200 

1296MHz 2 lube PA 200 eW watei 



COOtHS 

$275 

WJ10 

Water coole'5 ( 01 2C39 7289 



3CX100. etc 

$10 

MUTE* LIMITED TRANSVERTERS A PREAMPS 


GMFA144E 

144MHz switched preamp 



7dbnl 1 Skw 

$169 

GLNA432E 

432MM7 switched preamp 



9dbni 500W 

$f99 

IWF50A 

S0MH; Iransverter 28MHz .1 10w 

$339 

TWE144A 

!44MHz transvrrtet 28MHz it lOw 

$339 

front end boards lor FT 221 FT224.IC211 IC251 IC?71fromS1?9 

TRANSVERTERS UNLIMITED 


BOX 6286 STATION A HANS PE TERS (VEXRU) 

TORONTO ONTARIO 1416) 759 556? 


CANADA M5W 1P3 EVENINGS 



^ 174 


7 MILLION TUBES 



FREE CATALOG 


Includes all Current. Obsolete, An 
tique. Hard To Find Receiving, 
Broadcast, Industrial. Radio/TV 
types. LOWEST PRICES. Maior 
Brands, In Stock. 

UNITY Electronics Dept. H 
P.O. Box 213 ^ 178 

Elizabeth, NJ 07206 


COMPUTER PROGRAMS 
FOR THE RADIO AMATEUR 

by Wayne Overbeck, N6NB, f 1 ■ 
and Jim Steffen. KC6A 



Here s the first source book ol computer programs 
for the Radio Amateur Besides covering computer 
basics. Ibis book gives you programs dial will help 
you log. determine sunnse/stmse! times, track the 
Moon s path across me sky. use Greytme piopaga 
tion and set up record systems tor WAS. DXCC 
and VUCC. or any other award You can either 
buy the book alone ot you can buy the book with 
the programs already on disk Take lull advantage 
ol your computer with mis well wnltcn source 
book 1984 1st edition 327 pages 
C HA-0657 Softbound $16.95 

C HA-0657 with program $29.95 

specify computer (see list below) 

□Program disk alone $19.95 

Programs available lot Apple II (DOS and CP/M), 
IBM (DOS). IRS 80 Model I and Model III and 
Commodore C 64 Please mark your order with me 
program disk you want 


Plane Include 53.00 shipping and handling 


Ham Radio’s Bookstore 

Greenville, NH 03048 


-THE JOY OF QRP: STRATEGY FOR SUCCESS- 

The oxperts reviewed Ade Weiss s (W8RSP) book and wrote George Dobbs. G3RJV Radcom I am most 
impressed both with the scope and content of the book the sections on objectives planning operating 
techniques, band selection and propagation would help any Amateur whatever power is being used SPRA T QJ 
r } a comprehensive guide to the wholn subject ol QRP a great book lor QRP rs and a lot ol QRO operators 

would benefit from reading it Ooug DeMaw, W1FB, OSf "I found Iho book easy to read, and the text » p 
_ interesting throughout I woukJ have no hesitation in recommending WflRSPs book to any Amateur interested 
Fl in QRP operation In fact. H wilt provide great reading lor nearly any activo ham Bill Welsh. W6DOB. Novice p 
Ed CO “151 pages covering QRP horn basics to fine points in 8 interesting chapters Novices will have r 
P no difficulty understanding the explanations Fred Bonavita. W5QJM. QRP Quarterly In no other place have 
I encountered such a well founded sfalomenl of fhe philosophy of QRP operating " 

POSTPAID $10 95 (US). $12 95 (Foreign) ^ Ul 

-MILLIWATT BOOKS. 833 Duke St. #83, Vermillion. SO 57069- 
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The TITAN final amplifier 

may be your final amplifier! 



We have been accused of "over designing" the TITAN And certainly, by cutting corners, it 
could be built at lower cost. But we think, in the long run, it will be an investment in reliability, 
flexibility, and the pure enjoyment of a perm anent add ition to your station — long after the price 
is forgotten. 

Every component is chosen to work well below its rating. The power transformer is our own, 
using a Hypersil® tape wound core, generously designed for excellent regulation. Capacitors 
and inductors are also made in-house for close quality control. 

The TITAN uses two 3CX800 tubes that will loaf along at 1,500 watts output. And, as they 
require lower plate voltage than older tubes, insulation breakdown is less likely. 

We think we have included present and future needs. Things such as full break-in and operation 

on 160 meters and all authorized bands. A separate power 
3 ply makes station layout easy for most convenient 
perating. And if you use AMTOR. SSTV or RTTY, 
there is no problem with continuous operation. 

The TITAN could easily be your final FINAL 
AMPLIFIER. 


See your dealer or write 

II ||teim-tec INC 

II WII SfVICRVIllE. TfNNfSSff )?••? 









° « on * 

*te<v' c ^ 




i 


•Commercial version available 





















Easy-to-build 
3CX1000A7 unit 
provides 
legal limit output 


KXtO with completed "Colorado Kilowatt" 6 meter 
amplifier. Photographs courtesy WOMXY 


6-meter 

kilowatt amplifier 


Several years ago I became interested in VHF con¬ 
testing and soon realized that contests require the ulti¬ 
mate in VHF operating skill, knowledge of propaga¬ 
tion, and the best equipment an operator can muster. 

Six meters, located in the "gray zone" between HF 
and VHF, but exhibiting characteristics of both, has 
made or broken many a VHF contest effort. If it's 
open, working 6 meters requires topnotch skills to 
maintain rate and sift through pileups on or near 
50.110. If 6 is dead, then high power, good antennas, 
and scatter techniques are the name of the game. 

It was the urge to work the 6-meter scatter circuits 
— and the rigors of contesting — that made me con¬ 
sider obtaining a full legal-limit kilowatt for the band. 
The amplifier had to be able to deliver full power out¬ 
put without strain for hours. It had to be a trouble-free 
design; after all, who likes to doctor an amp during 
a band opening? Because of second harmonic prob¬ 
lems in the FM broadcast band and proximity to chan¬ 
nel 2, it would also have to have a very clean signal. 
Quite an order! 

There simply weren't any commercial 6-meter amps 
that met my requirements. Ten-year old marginal com¬ 
mercial amps built before the "amplifier ban" days and 
150-watt bricks were the sum total of selections avail¬ 
able. Because most of the older units used a pi out¬ 
put circuit that just wouldn't provide enough harmonic 
rejection, they weren't clean and had second har¬ 
monics only 40 dB down. By today's standards, amps 
built for use above 50 MHz must exhibit second har¬ 
monic attenuation of at least 60 dB below the fun¬ 
damental signal. 

So I began to look for a design that would fit these 
parameters. After some research, it became clear that 


the pi-L output circuit, which provided a clean signal 
and sufficient harmonic suppression, would be the 
right way to go. 

A 1000-watt dissipation tube was necessary. This 
meant that I'd have to use a pair of tubes such as those 
of the 8874 series or a single tube in the 8877 class. 
I ruled out glass envelope tubes because of high inter¬ 
nal capacitances. 

I chose the Eimac 3CX1000A7, a 1000-watt plate dis¬ 
sipation triode that's very similar to the 8877 except 
for a different socket. Parts are available from most 
parts supply houses. I used my junk box, RadioKit, 
Amp Supply, and a local parts supply house to obtain 
the necessary items.* 

The amplifier is built on a 10 x 12 x 3-inch Bud chas¬ 
sis. (fig. 1). Aluminum panels (0.040 inch thick) are 
used for the chassis bottom cover, sides, and top 
plate. Aluminum "L" stock, available from most hard¬ 
ware stores, is used to hold the sides and top plate 
securely. All metalwork was done in my workshop 
using standard hand tools. 

circuit description 

The amplifier uses a grounded grid circuit with either 
the Eimac 3CX1000A7 or 8877, ceramic/metal triodes 
intended for linear service in the HF and VHF ranges. 
The amp provides the legal power output of 1500 watts 
PEP and CW service with no effort and requires a 
driver delivering between 50 and 80 watts at 50 MHz. 
This is well within the limits of multi-mode rigs. 

With a plate voltage of 3000 volts at 0.8 amps the 

By Lauren Libby, KXOO, 6166 Del Paz Drive, 
Colorado Springs, Colorado 80918 
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fig. 1. 6-meter amplifier schematic. 


amplifier performs at 60 percent efficiency. The grid 
is grounded by means of the grid ring of the 
3CX1000A7 socket providing a low-inductance path 
to ground. The amplifier is completely stable. 

One notable feature of the amplifier is the use of 
a vacuum variable capacitor for tuning and loading 
controls in the plate circuit. The plate tuning capaci¬ 
tor is a 3-30 pF and the loading capacitor is a 0-250 
pF. I used these units because they were available. 
The tuning capacitor should be a vacuum-variable 
because of the high voltages and currents present. An 
air-variable with large spacing could be used — just 
be sure not to exceed the voltage rating of the capac¬ 
itor. The loading capacitor can be an air-variable that 
is of good RF transmitting design and rated for at least 
2000 volts. 

The pi-L circuit provides good harmonic suppres¬ 
sion and broad frequency coverage. Most designs for 

*RadioKit, Box411H, Greenville, NH 03048; AmpSupply, 201 Snow Avenue, 
Raleigh, NC 27602 


parts fist 

B1 

blower (Dayton IC180) 

CR1.2 

1000-voft, 1-Amp diodes (Radio Shack) 

DS1 

110-voft lamp and holder 

FT 

0.001 500-voft feedthroughs 

J1 

Miflen high-voltage connector 

J2 

”N"-type chassis connector 

J3 

BNC chassis connector 

LI 

6 turns. No. 18 on slug coil form available from Radio Kit, 

CTC 1538-4-3 or equivalent, spaced 7/8 inch 

L2 

6 turns No. 18, 1/2 inch diameter, 5/8 inch long, self- 
supporting 

L3 

3-1/4 turns, 1/4-inch copper tubing, 2-inch diameter 4 inches 
long 

LA 

8 turns, 3/16-inch copper tubing, 2-1(4 inches long, 3/4 inch 
diameter 

RFC1 

43 turns. No. 16 enameled, spacewound about 4-1/8 inches 
long on 3/4 inch diameter x 6-1/2 inch long teflon rod thread¬ 
ed to fit wire windings 

RFC2 

Oh mite Z-50 

RFC3,4 

30-Amp filament choke (available from Amp Supply) Bifilar 
wound on ferrite rod 

T1 

5-volt, 30-Amp filament transformer (Stancor) No. P-6468 


the 6-meter band cover only the first couple of Mega¬ 
hertz of the band because of exotic designs using 
"floating turns" and expandable coil arrangements. 
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fig 2. Grid compartment, bias supply, and input circuits. All 
connectors outside the compartment are made through feed 
through capacitors. The input components are pictured in the 
lower center of the grid compartment. 

These designs have been attempts to deal with high 
internal capacitances present in transmitting tubes. 
Only about 30 pF of capacitance are needed to reso¬ 
nate most circuits at 50 MHz, and many tubes have 
almost that much capacitance. So, in essence, the 
tube is a fixed tuning capacitor resulting in no tuning 
range for a variable capacitor. 

This amplifier circuit provides for this condition by 
raising the Q of the circuit to allow for more capaci¬ 
tance tuning range. By increasing the Q, harmonic 
suppression is improved. 

A 12-volt 50 watt zener diode is placed in series with 
the cathode Yeturn line to set the desired plate idling 
current and bias. The plate and grid circuits are 
metered in the cathode return lead. 

the input circuit 

The input circuit is a "T" design consisting of two 
coils and a shunt capacitor. One coil and capacitor are 
variable. With these two adjustments it's possible to 
cover a broad range of input impedances. 

The controls are brought out the side of the unit for 
easy tuneup. Since the input circuit is a fairly broad¬ 
band circuit, no tuning is needed once it's set for the 
first Megahertz of the band. 

The input matching circuit can be seen in the lower 
center of the under-chassis photograph (fig. 2). The 
filament choke, a commercial unit obtained from Amp 
Supply, is capable of handling 30 amps of current at 
5 volts. 


A 1000-pF ceramic doorknob capacitor is used 
between the BNC input connector and the variable 
inductor in the input circuit. A transmitting mica would 
have worked just as well, as long as it was capable 
of handling 100 watts of drive power. Silver mica capa 
citors are used to isolate the filament line. 

bias circuit 

The bias circuit is built on a subassembly consist¬ 
ing of a brass plate and components. The subassem¬ 
bly is mounted on 1-inch spacers above the bottom 
of the chassis. The large resistors shown near the 
zener diode are suspended on a teflon rod hung from 
mounting supports. 

plate circuit 

Figure 3 shows the layout of the pi-L circuit. The 
plate choke is 43 turns of No. 16 gauge wire wound 
on a 3/4 inch diameter teflon rod measuring 6-1/2 
inches long. I threaded the rod using an NC (National 
Course thread) die and then spacewound the coil in 
the threaded grooves. Half-inch copper strap is used 
to connect the plate circuit components. (This again 
is to accomodate the rigorous operating conditions.) 
Since the plate circuit has a high Q, large circulating 
currents are present. The vacuum variables are 
mounted with 0.060-inch aluminum "L" brackets that 
were fashioned with metal shears and bent to shape. 
The plate inductor L3 is wound from 1 /4-inch copper 
tubing. The "L" portion of the circuit is mounted away 
from the loading capacitor at a 90 degree angle and 
is connected to a Z 50 (Ohmite) RF choke and antenna 
connector. 

The layout is clean and easy to reproduce. Notice 
that an aluminum shield protects the filament trans¬ 
former from stray RF. 



fig. 3. View of plate compartment Note the location of the high 
voltage capacitor, plate choke, and plate circuit. This is an 
uncluttered layout and easy to reproduce. 
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fig.4. Rear view of completed unit. High voltage connector and 
input tuning controls are pictured. The blower is positioned to 
pressurize the lower portion of the chassis. 



fig. 5. Completed rear view showing the feedthrough capaci¬ 
tors. output connector, meter mountings, and blower location. 


The high-voltage connector is encased in an alumi¬ 
num mini-box and connected to the high-voltage feed¬ 
through capacitor. Safety is paramount when dealing 
with lethal voltages such as those used in this design 
(see fig. 4). 

The tube chimney used with the 3CX1000A7 is a 
piece of teflon sheet (0.030 inch) cut to fit around the 
anode of the tube and fastened with teflon tape. Air¬ 
flow is directed from below the chassis and through 
the socket, and is then exhausted through the tube 
and out the top of the amplifier (see fig. 5). 

tube performance data 

Either a 3CX1000A7 or an 8877 can be used in the 
circuit. The 3CX1000A7 uses either the Eimac SK 860 
or SK 870 air system socket, a breechlock type. The 
8877 uses a plug-in Johnson 122 247 202 socket. 

Both tubes use 5 volts for the filament voltage. The 
primary difference is that the 3CX1000A7 requires 30 
amps of current, since it has a directly heated filament, 
and the 8877 requries 10 amps. 

Many operating parameters were tried with this 


piece of equipment. The most suitable ones for Ama¬ 
teur use are listed for the 3CX1000A7 below 


Plate Voltage 

Plate Current (Single Tone) 
Plate Current (Idling) 

Grid Voltage (Bias) 

Grid Current (Full Drive) 
Filament Voltage 
Filament Current 
Power Input 
Power Output 
Drive Power 


3000 Volts 
0.800 A 
0.125 A 
-12 Volts 
0.200 A 
5 Volts 
30 Amperes 
2400 Watts 
1450 Watts 
75 Watts 


adjustment and tuneup 

The completed amplifier is shown in fig. 6. Before 
applying any operating voltages, grid dip the input and 
output circuits to 50 MHz with the tube in the socket. 
This can be acccomplished by putting a 50-ohm load 
on both the input and output connectors. Tune the 
variable inductor and capacitor in the input circuit to 
resonate at 50 MHz. Note that this will have to be 
tuned again after the amplifier is operating; this will 
put it in the ballpark, however. 

Grid dip the plate tuning circuit to 50 MHz without 
applying any voltages. You may have to expand or 
compress L3 to resonate the circuit. L4 should not 
require any adjustment and is not as critical as L3. 
However, it should resonate near 50 MHz. 

Turn on the blower and apply filament voltage. Let 
the tube warm up, check the filament connections at 
the tube to ensure that a full 5 volts is present. Some¬ 
times a voltage drop can occur across the filament 
choke. The tube should be within 0.25 volt either side 
of 5 volts. 

Place a wattmeter in the input and output line of 
the amplifier. The input meter should be capable of 
handling at least 100 watts and the output meter 
should be capable of measuring 1500 watts output. 

I used a 2500-watt slug in my Bird meter. Tuneup was 
executed into a 1500-watt dummy load. 

After the tube has warmed up, apply reduced plate 
voltage (about 2000 volts) and look for any evidence 
of arcing or other abnormal conditions. If everything 
appears to be operating normally, apply a small 
amount of drive and adjust the input circuit for mini¬ 
mum SWR. Do this quickly and with no more than 
10 watts of drive. 

Apply more drive gradually and adjust the plate tun¬ 
ing and loading controls for maximum output power. 
Look for any abnormal conditions. If none are 
observed, increase the drive and retune. If everything 
looks good, increase the plate voltage to 3000 volts 
and quickly tune the amplifier with about 50 watts of 
drive applied. Read the output power, compute the 
input power by multiplying plate voltage by the plate 
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The monthly magazine with a natural blending ot two 
popular hobbies — Ham Radio and Computers 
* Articles on Ham Radio & Most Personal Computers 
* Hardware & Software Reviews 
★ Various Computer Languages 
* Construction Articles 
* Much Much More 


“...received my moneys worth with just one 
issue...” 

—J. Trenbick 

“...always stop to read CTM, even though 
most other magazines I receive (and write for) 
only get cursory examination...” 

—Fred Blechman, K6UGT 

U.S.A.S15.00 for 1 year 

Mexico, Canada.$25.00 

Foreign .S35.00(land) • $55.00(air) 

(U.S. funds only) 

Permanent (U.S. Subscription).$100.00 

Sample Copy .$3.50 



Circulation Manager 
1704 Sam Drive 
Birmingham. Alabama 35235 
Phone 205/854-0271 


Name _ 
Call Sign 
Address 

City _ 

Zip_ 

Date_ 

Signature 


State 

Phone 



fig. 6. Front view of the "Colorado Kilowatt." 


current and compare it with the output power meas 
ured. This will give you an idea of the plate circuit effi¬ 
ciency. If everything appears normal, increase the drive 
to 80 watts, set the parameters suggested in this arti 
cle, and you'll have a commanding signal on the 6 
meter band. 

final comments 

Several lessons were learned in designing and build 
ing this amplifier. One was not to hook the connec 
tion of the high-voltage strap going to the tube to a 
bolt running through the teflon rod of the RF plate 
choke. During tuneup I had flaming teflon rod as a 
result of all the circulating currents running through 
a 6-32 screw. Make sure the connection of the tube 
strap is on the same side as the one to which the choke 
winding is attached. 

Before you begin construction of this amplifier, I'd 
suggest you do some reading: Bob Sutherland, 
W6PO's ''Two Kilowatt Amplifier for Six Meters,” 
which appeared in ham radio in February, 1971, and 
Bill Orr's Radio Handbook, regarding the design 
parameters of the pi-L circuit, are "must" reading. 

Although you don't have to be an electrical engineer 
to build this amplifier (I'm an economist), it's not a pro 
ject for the first-time builder. But if you have some 
experience, you may want to build it and enjoy the 
operating possibilities it affords. As you build, it may 
help to keep in mind something I've found to be true 
over several years of building amplifiers: for cleaner 
signals and years of trouble-free operation, it's best 
to over build. 

Because many good high-voltage circuits have 
already been published, I haven't included a power 
supply circuit with this article. Just be sure to make 
your power supply husky; if you have trouble lifting 
it, it's big enough. 
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THE MOST AFFORDABLE 
REPEATER 

ALSO HAS THE MOST IMPRESSIVE 
PERFORMANCE FEATURES 

(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT 


BAWD KIT WIRED 

6M, 2M, 220 $630 $880 
440 $730 $980 



(Also available for commer¬ 
cial bands) 

FEATURES: 


• SENSITIVITY SECOND TO NONE; 0.15 uV (VHF), 0.2 uV(UHF)TYP. 

• SELECTIVITY THAT CAN’T BE BEAT! BOTH 8 POLE XTAL FILTER 
& CERAMIC FILTER FOR > lOOdBAT ± 12KHZ HELICAL RESON¬ 
ATOR FRONT ENDS TO FIGHT DESENSE & INTERMOD. 

• OTHER GREAT RECEIVER FEATURES: FLUTTER-PROOF 
SQUELCH, AFC TO COMPENSATE FOR OFF-FREQ TRANSMIT¬ 
TERS, SEPARATE LOCAL SPEAKER AMPLIFIER & CONTROL. 

• CLEAN, EASYTUNETRANSMITTER; UPTO20 WATTSOUT (UPTO 
50W WITH OPTIONAL PA). 


HIGH QUALITY XMTR & RCVR MODULES FOR 
REPEATERS, LINKS. TELEMETRY, ETC. 


> R144/R220 FM RCVRS for 2M or 220 MHz. 0.15uV 
sens.;8 pole xtal filter & ceramic filter In l-f, helical 
resonator front end for exceptional selectivity, 

>t00dBat ± 12kHz, best available today. Flut- 

ter-proof squelch. AFC tracks drifting xmtrs. ,/ 

Xtal oven avail. Kitonly$138. / 

> R4S1 FM RCVR Same but for uhf. Tuned 
line front end, 0.3 uV sens. Kit only $138. 

■ R76 FM RCVR for 10M, 6M, 2M, or 220. As above, 
but w/o AFC or hel. res. Kits only $118. Also avail w/4 pole filter, only $98/kit. 

. R110 VHF AM RECEIVER kit for VHF aircraft 
or ham bands or Space Shuttle. Only$98. ( 


TAS1 VHF FM EXCITER for 10M, 6M, 

2M, or 220 MHz. 2 Watts continuous, 
up to 3W intermittent. Kit only $68 

TA451 UHF RM EXCITER 2W cont., up to 3W 
intermittent. Kits only $68. Xtal oven avail. 

VHF & UHF LINEAR AMPLIFIERS. For either FM or SSB. Power levels 
from 10 to 45 Watts to go with exciters & xmtg converters. Several models. 
Kits from $78. 



RECEIVING CONVERTERS 


LOW-NOISE PREAMPS 


MINIATURE PREAMPS 


Models to cover every practical rf & If range to listen to SSB, 
FM, ATV, etc. NF * 2dBor less. 


Input Rang* 

28-32 

50-52 

50-54 

144- 146 

145- 147 
144-144.4 

146- 148 
220-222 
220-224 
222-226 
220-224 
222-224 
902-928 



VHF MODELS 
Kit with Case $49 

Less Case *$39 

Wired $69 

UHF MODELS 
Kit with Case $59 

Less Case $49 

Wired $75 


SCANNER CONVERTERS Copy806MHz band on any scan¬ 
ner. Wired/tested ONLY $88. 


TRANSMIT CONVERTERS 


For SSB, CW, ATV, FM, etc. Why pay big bucks for a multi 
mode rig for each band? Can be linked with receive convert¬ 
ers for transceive. 2 Watts output vhf, 1 Watt uhf. 


Exciter 

Antenna 

For VHF, 

Input Range 

Output 

Model XV2 

26-30 

28-29 

144- 146 

145- 146 

Kit $79 

28-30 

27-27.4 

50-52 

144-144.4 

Wired $149 

28-30 

220-222* 

(Specify band) 

50-54 

144-146 

220-224 

50-52 


144-146 

28-30 

For UHF, 

28-30 

432-434 

Model XV4 

28-30 

61.25 

435-437 

439.25 

Kit $79 

144-148 

432-436* 

Wired $139 

•Add $20 for 2M input 

VHF 4 UHF LINEAR AMPLIFIERS. Use with above. 
Power levels from 10 to 45 Watts. Several models, 

kits from $78. 





Hamtronics Breaks 
the Price Barrier! 


No Need to Pay $80 to $125 
for a GaAs FET Preamp. 


FEATURES: 

• Very Low Nose:0.7dBVHF,0.8dBUHF 

• High Gain: 13 to 20dB, Depending on Freq. 

• Wide Dynamic Range for Overload Resistance 

• Latest Dual-gate GaAsFET, Very Stable 


MODEL 

TUNES RANGE 

PRICE 

LNG-28 

26-30 MHz 

$49 

LNG-50 

46-56 MHz 

$49 

LNG-144 

137-150 MHz 

$49 

LNG-160 

150-172 MHz 

$49 

LNG-220 

210-230 MHz 

$49 

LNG-432 

400-470 MHz 

$49 

LNG-800 

800-960 MHz 

$49 


HELICAL RESONATOR 
PREAMPS 


Low-noise preamps with 
helical resonators re¬ 
duce intermod and 
cross-band interference 
in critical applications. 
12dBgaln. 



MODEL 

TUNING RANGE 

PRICE 

HRA-144 

143-150 MHz 

$49 

HRA-( *) 

150-174 MHz 

$49 

HRA-220 

213-233 MHz 

$49 

HRA-432 

420-450 MHz 

$64 

HRA-( *) 

450-470 MHz 

$64 


* Specify Center frequency desired 


...4 v 'Sv : ./\ GaAsFET Preamps with fea- 
, .Cmu Jy/ W tures similar to LNG, ex- 

MM xSvyeX'/, ceptdeslflned tor LOW 

C0ST and SMALL 
s,zE: ° n, y 5«-w x 

Mar i ' 5/8L * 3/4H - Easiiy 

mounts Inside many 

NEW rad,os - 

Model LNW-( * ).Only $19/kK, $34wirod 

Models available to tune the following bands: 
25-35, 35-55, 55-90, 90-120, 120-150, 
150-200, 200-270, and 400-500 MHz. 

•Specify band 


IN-LINE PREAMPS 


NEW 


GaAsFET Pre- H ^ * ■ 

amp with lea- IL ^" 1 W KjHC 

tures like LNG. _*"*' - w. 

Automatically 

switches out ot line dur- 

ing transmit. Use with base or mobile 

transceivers up to 25W. Tower mtg hdwr Incl. 

MODEL TUNES RANGE KIT WIRED 

LNS-144 120-175 MHz $59 $79 

LNS-220 200-240 MHz $59 $79 

LNS-432 400-500 MHz $59 $79 


ACCESSORIES 


• MO-202 FSK DATA MODULATOR. Run up to 
1200 baud digital or packet radio signals 
through any FM transmitter. 

• DE-202 FSK DATA DEMODULATOR 

• COR-2 KIT With audio mixer, local speaker 
amplifier, tall & time-out timers. 

• COR-3 KIT with “courtesy” beep”. 

• DTMF DECODER/CONTROLLER KITS 

• AUTOPATCH KITS. Provide repeater auto¬ 
patch, reverse patch, phone line remote 
control of repeater, secondary control. 

• CWID KITS • SIMPLEX AUTOPATCH 


• Send $1 for Complete Catalog 

(Sunil $2 00 or 4 IRCs lor overseas mailing) 

• Order by phone or mail • Add $3 S & H per order 

(Electronic answering service evenings & weekends) 

• Use VISA, MASTERCARD, Check, or UPS COD. 


hamlronics, me. 

65-E MOUL ROAD • HILTON NY 14468 

Phone: 716-392-9430 Hamtronics' is a registered trademark 














7 STORE BUYING POWER 


All Major Brands in Stock Now! .^*5 
CALL TOLL FREE (800) 854-6046 


Toll tree including Alaska & Hawaii Phone Hrs 700 a m. lo 5:30 p m Paclllc Time Calilornia and Arizona customers call or visit nearest 
store Calilornia and Arizona residents please add sales tax. Prices, specifications, descriptions subject lo change without notice. 


E3ll COM 

ir 7c-t a 


IC-751A 


MA-40 

40’ TUBULAR TOWER 

*?45 SALE! $54S 

MA-550> - 

55' TUBULAR TOWER 

II24S$A|.E! $89? 

• Handles 10 sq ft at 50 mph 

• Pleases neighbors with 
tubular streamlined look 


COMPACT 2-METER 
ALL MODE TRANSCEIVER 

SPECIAL NEW PRICE! 


TOP-OF-THE LINE 
HF TRANSCEIVER 

GREAT PRICES.CALL 


W-51 

TOWER 

SALE 


KENWOOD I 

HAND-HELDS AmS* 


/ 55 FREESTANDING CRANK-UP U 
• Handles 18 sq It at 50 mph u 
/ f • No guying required _ Q 

y • Extra-strength Construction 
x*- • Can add raising and motoi * 

drive accessories IKnSSTe 

IN STOCK FOR QUICK DELIVERY 
OTHER MODELS AT GREAT PRICES 


TH-21 AT/41 AT 

Compact Only 
2 4 "W. 4 74“H, 
11"D Outstand¬ 
ing perlormers 
in an ideal 
package size. 


51' CRANK-UP 9 SQ FT 
WINDLOADING 


53 ICOM IC-2KL 


Limited Quantities Available 


Bra [ICO M IC-37A 


TR-2600A 

Deserves its well-earned 
reputation as the leading HT 


LINEAR AMPLIFIER 

• Auto Band Switching 

• Broadbanded 

• HF 500 Walt Linear 

AT GREAT LOW. LOW PRICES 


ELH-230D 


HANDHELD 
FT 209RH 

5 WATT 2M/HT 

CALL FOR 
PRICE 


(25W 220MHZ FM| 


2 METER 
3 IN/30 OUT 


GREAT 

PRICES 

CALL 


WE SHIP DIRECT TO YOU 
FROM ANY ONE OF OUR 
NATIONWIDE OUTLETS. 
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Tell 'em you saw it in HAM RADIO 1 

























NOW! RAPID DELIVERIES 

FROM OUR OUTLETS 


To Our Customers 




UTLE1 


LARGEST HAM OUTLET IN THE WORLD 


Era icom 


OriCOM IC-R71A 


a icom 


IC-3200A 

DUAL Af 
BANDER I 


IC-1271A 


Covers 
Both 
2 Meters 
& 70 cm 


Superior Grade General 
Coverage Receiver 

SALE! CALL FOR PRICE 


1.2 GHz Transceiver: 

The First Full-featured 
1240-1300 MHz Transceiver 
AT GREAT LOW, LOW PRICES 


LATEST EDITION 


Era ICOM 

IC-28A/28H 


Era icom 


HAND-HELDS 
is* VHF/UHF 


2-METER MOBILES 

IC-28A (25w) IC-28H (45w) 

SPECIAL NEW PRICE! 


Era ICOM IC-R7000 


IC-02AT 

IC-04AT 


WE SHIP DIRECT TO YOU 
FROM ANY ONE OF OUR 
NATIONWIDE OUTLETS. 


The Latest in ICOM's Long 
Line of HF Transceivers 

CALL FOR LOW. LOW PRICE 


25 MHz-1300 MHz 

IN STOCK FOR 
IMMEDIATE DELIVERY 


VAN NUYS. CA 91401 

6265 Sepulveda Blvd 
18181 988221? 

Al Uqr K6YRA 
San Diego r*y 
al Victoiy BWd 

STORE HOURS 
10 AM-5:30 PM 
CLOSED SUNDAYS 


BURLINGAME. CA 94010 PHOENIX. A2 85015 

999HowaidAve 1702 W Cainelback Rd 

(4151 342 5757 <6021 242-3515 

George Mqi WB6DSV (lob K7R0H 

Smiles south on 101 tiomSFO East ot Hwy 17 

OAKLAND. CA 94606 SAN DIEGO CA 92123 

2210 Livingston SI 5375 Kearny Villa Rd 

(4151 534 5757 ( 6191 560 4900 

Joe Mgi K50S Glenn Mgr K6NA 

I7N 516 Ave II7S I6III Avc Hwy !63*Claremont MesaBlvd 


ANAHEIM CA 92801 

2620 W La Palma 

17141 761 3033 t213l 860 2040 

Between Disneyland & 

Knotts Beriy Faint 

ATLANTA GA 30340 

6071 Buloid Hwy M 
14041 263 0700 
Neil Mgi KC4MJ 
Ooiaville. 1 mi noittl ol 1-285 


Bob Ferrero W6RJ 

President 

Jim Rallerty N6RJ 

VP So colli Div 
Anaheim Mgr 
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Portable radios can be a 
trade-olT. In return lor mobility 
you get loss of performance. 

Well now you can cut your 
losses significantly. All you 
need is trie new Larsen UHF 
KuLDUCKlE® KDI4-HW 
hall-wave antenna? It's a 
mouthful but it’ll do your ears 
a lot of good. 

Because it’s half-wave, the 
KDI4-HW is fully resonant 
despite the poor ground 
plane portables are faced 
with. Under ideal ground 
plane conditions, it delivers 
performance equal to a full 
quarter-wave. And that's a 
powerful improvement over 
most portable antennas! 



And because it is inherently 
resonant, the K.DI4-HW can 
also be easily remoted with a 
length of coax. 

The KI)l4’s flexible, easy- 
to-get-along-with radiating 
element measures a scant 12 
inches. At the base is a 
inch impedance transformer 
that gives added strength. 

The KD14 half-wave series 
is also available in a collapsa¬ 
ble 2-meter version. 

Cut your losses and 
improve your gain when 
you operate with the new 
Lansen UHF KuLDUCKlE® 
KDI4-HW, with no-nonsense 
warranty. You can see it at 
your favorite amateur dealer. 

*For units with BNC output. 


V / *•* * 

Lor sen Antennas 

The Amateur s Professional 

See your favorite amateur dealer or write for a free amateur catalog. 

IN JSA l dfScriFtoctronics Inc 11611 NE 50th Aw PO Bo* 1799 Vancouver WA 9H666 206-573-2722 
IN CANADA Canadian Larsen £ktctronics lid uy West 6lh Avt* Vancouver B C VS/ 1K3.604 872-8517 

LARSEN* KuLROO* AND KuLDUCKlE* ARE RE GISTEHEU 1 HADE MARKS Of l ARSEN ELECTRONICS INC 


SATELLITE 
DECODER MANUAL 

Reveals How Signals are De-Cy-Phared 

• Three different types used. 

• detailed/schematics 

• digital audio processors 

• error correction 8c filtering 
100 pages bound ... $24.95. 

NEW LADY X TASY KITS FROM S» 05 
ASSEMBLED READY TO GO FROM SI 79 
OTHER TYPES OF DECODERS AVAILABLE 
SCHEMATICS Sr BOARDS AVAILABLE 
DEALERS INQUIRIES INVITED 
SEND $5 FOR INFORMATION CATALOG 

Pilgrim Video Products 

P O Box 3325 H 
Plymouth Ctr MA 02361 
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SaveTime-Money withHAZER 

• Never climb your tower again with this elevator 
System 

• Antenna and rotator mount on MAZER complete 
system trams tower in vehicle upright position 

• Safety lock system on HAZER operates while 
raising-lowering & normal position Never can fall 

• Weight transferred directly to tower Winch cable 
used only for raising A lowering Easy to install and 
use 

• Will support most antenna arrays 

• High quality materials A workmanship 

• Safety speed - convenience - smooth 
travel • inexpensive 

• Complete kit includes winch 100 ft of 
cable hardware and instructions ForRohn 
25 G Tower 

Ha/er 2-Heavy duty alum 12 sq tl lo«tdl797 00 ppd 
Ha/e» 3-Standaid alum 8 sq ft load 71300 ppd 
Ma/er 4-Heavy galv steel i6sqtl load 77800 ppd 
Ball thrust bearing TB-2S tor any o» above 4750 ppd 
Satisfaction guaranteed Cali today end charge to 
Visa or MasterCard 

As an alternative purchasea Martin M-1 3 cm M-18 
aluminum tower engineered specifically for the 
HAZER system or a truly self-supporting steel 
tower Send for tree details _ 


GLEN MARTIN ENGINEERING INC v*i" # 

P O Bo* H 253 Boon*.He Mo 65233 ■j\ < 

616-682-2734 
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PACKKT RADIO 

lor the 

Apple Macintosh 



• | nluivn torn IM' so >nu can enjoy I'x lci Rad»*' 

• Split * recn dnpl j> u» vrpjr jie send and receive data 

• > nil Mutintmh I sri Interfile 

• man H and I'aimdtn ot» pull down menus 

• Routing file liw digipcjlcr t mites 

• i 

• ( . •rnmand pn%ctiuic flies 

• I ict upgrades ft a one year alter purchase 

• ■ 

Ma'PuUii 1 Af'Kierm 50‘> 95 

I AIK I M : M A Pk 80 (il B TNC 2 A 

Ml I Flcctturms Ml I 12*70 Pas CummTNC 2HM 

MicI’ecfcclfT APR term Sr>‘» *)C 

I APR |M l ALAPKM Heath III) 4040 


Muil'ackcik ANienn Vh’* 

karuriwiMv PacketCtituminitaM tKPC I V20A KP( 


ataibble from dealm«ie from 

Brincomm Technology 
3155 Resin Street 
Marietta, GA 30066 

t residents odd appropriate state sales tat 

\Umt<n|i is a trademark kensed U Apple Computet. Ik 


58 [3 July 1986 


-- 167 






Inexpensive 1C 
makes front end 
“uncrunchable” 


a broadband amplifier-attenuator 


The step attenuator is an important RF building 
block. On the workbench it can be used for testing 
the performance of amplifiers, mixers, or entire receiv¬ 
er systems; they're particularly useful for intermodu¬ 
lation tests. In test equipment they're useful for level 
references in spectrum analyzers and other instru¬ 
ments requiring wide dynamic range RF level meas¬ 
urements. 

It's unfortunate, however, that step attenuators 
aren't often used in Amateur Radio receiver front ends. 
Anyone who's ever operated contests with a low dy¬ 
namic range receiver knows the disastrous conse¬ 
quences of receiver overload and intermodulation 
interference; it's usually the third-order intermod prod¬ 
ucts that cause problems in receivers. 12 

The equations that define the third-order product 
levels indicate that if you reduce the input signal lev¬ 
els by 1 dB, the third-order products will decrease by 
3 dB. Thus if you "switch in" 5 dB of attenuation at 
the front end, the intermod products will go down 15 
dB. With multiple strong signals coming through the 
receiver bandpass, the step attenuator can indeed be 
a useful feature; under contest conditions, for exam¬ 
ple, there's no need for an expensive receiver to be¬ 
come less useful than it might be when the addition 
of a few resistors and switches could have been used 
to eliminate the problem {fig. 1). 

Another problem arises during low signal level con¬ 
ditions, particularly at higher frequencies. Since the 
signal-to-noise ratio and "noise figure" of the receiv¬ 
er are largely determined by the front end, using a low- 
noise amplifier will improve ultimate sensitivity. The 
typical HF receiver front end consists of a tuned am¬ 
plifier complemented with some type of gain-control 
circuitry. This gain control can be automatic (AGC) 
or manual (RF). Front-end design is complicated by 
the tuned circuits necessary for image rejection if a 
low IF is chosen (<20 MHz). However, the trend in 


modern Amateur Radio receiver design is to first "up- 
convert" to a relatively high IF (typically 45 MHz). This 
technique places the image well up into the VHF spec¬ 
trum and eases the front-end filtering requirements. 

broadband constant gain and 
impedance 

Some type of bandpass and impedance matching 
circuit is still required as an interface between the an¬ 
tenna and the usual discrete amplifier device. Unfor¬ 
tunately the input and output impedances of the 
familiar bipolar and FET devices do not match the 
universal 50-ohm standards. 

The front-end amplifier problem can be greatly 
reduced by designing with a new broadband amplifi¬ 
er, the Signetics NE5025 (fig. 2). Priced at about 
$1.50, the 5205 is a 20-dB gain block using a multiple 
feedback scheme that normalizes the input impedance 
over a very wide range. Both gain and impedance 
show only slight variation from DC to 650 MHz! The 
input impedance of the amplifier is simply "imaged" 
by the output termination; that is, if you terminate the 
output in 50 ohms, the input impedance will also be 
50 ohms. This particular characteristic, in monolithic 
form, should be of interest to RF experimenters. 

The 5025 also works in systems of 75 ohms and 
higher impedance. JFET double-balanced mixers (for 
example, the Siliconix U350) and the new ultra-high 
performance DMOS quad rings (such as the Siliconix 
Si8901) have a relatively low but constant input im¬ 
pedance, typically 12 ohms. Thus the 5205 can feed 
an 8901 through a 4:1 broadband balun for broadband 
front-end operation up to a few hundred MHz. This 
example completes a high-performance radio front- 
end concept free of resonant tuned circuits. 

By Robert J. Zavrel, Jr., W7SX, 707 Borello, 
Mountain View, California 94041 
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MODEL AC 3.5 - 30 

(formerly Model 370-15) 


• Fully Assembled • 52 OHM • Only 90 feef long 

• SWR less than 2:1 from 3.5 thru 30 MHz Averoge SWR 14:1 

• Will handle 1 KW power (2 KW F>EP) 

• Can be Installed as flat top, stoper, or Inverted "V" 

• Used the world over in government & commercial communication 
installations 

• Ideal for all operations - amateur, commercial, MARS - any frequency 
from 3.5-30 MHz 

PRICE $ 167 50 

PAIENHD PUIS S3 00 Shipping and Handling 


ALL OUR PRODUCTS MADE IN USA 

BARKER A WILLIAMSON 

Quality Communication Products Since 1932 

At your Distributors. Write or call 

10 Carol Sheet. Bristol PA 19007 ■ 

(215) 755-5561 ■ 


(215) 765-5551 


Name 


Addrints 


CONTINUOUS COVERAGE 
FOLDED DIPOLE ANTENNA 


WARC for FT-101/901 


WELCOME TO 12 METERS! 

Add all three WARC Bands to your FT-101 

• Increases Resale Value of your Rig 

• Installs easily, detailed instructions 

• Includes all crystals, relays, wire, etc 

• Tested, fool-proof design lor all but ZD 

FT-101 3-band WARC Kit.$25 

FT 901 30M Only WARC Kit.$10 

Shipping S5 (US & Canada) S12 Elsewheie 
Order by mail or phone VISA/MC or C00 Accepted 

GO FOX TANGO • TO BE SUREl 

Asfc About our Fine Filters lor Many Other Rigs 


FOX TANGO CORPORATION 

Box 15944 H, W. Palm Beach. PL 33416 
(305) 663-9587 


I for Packet Radio 


Teletype 
Model 43 

*195.00 
-OK -- 

I I 745 


. KSK Terminals 

V ' willi RS-232 

v_/ serial I/O 

We have fully reconditioned Model 43 Teletype 
and Texas Instruments 745 terminals that have 
come off lease and arc now available for immedi 
ate delivery These aa* well maintained units 
furnished with a 10 day a*Uim to depot warranty 
Huron Leasing. Inc. l-800-572*6060 

Ask lor Dionne ^ 1&6 (312) 690-11550 


Measure Up With Coaxial Dynamics Model 

83000A RF Peak Reading Wattmeter 

Take a PEAK with Coaxial Dynamics "NEW" Model 83000A, designed 
to measure both FWD/RFL power in CW 
and FM systems simply and quickly. 

Then with a "FLIP" of a switch, 
measure "PEAK POWER" in most 
AM, SSB or pulse systems. Our 
Model 83000A'features a complete se 
lection of plug-in-elements plus a 2 
year warranty. This makes the 
Model 83000A an investment worth 
looking at. So go ahead, take a 
"PEAK", you'll like "WATT" you see! 

Contact us for your nearest autho¬ 
rized Coaxial Dynamics representa¬ 
tive or distributor in our world-wide 
sales network. 

• COAXIAL 

r/|yj DYNAMICS. 


15210 industrial Parkway 
Cleveland. Ohio 44135 
216-267-2233 

1800 coaxial 

Telex 98-0630 

Service and Dependability a Part ot Every Product 


This publication is 
available in microform 
from University 
Microfilms 
International. 


Please send information iibuul throw* title* 


Company Institution 
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S4 +6V TO 9V 


Rl 


R4 


R7 

1*2 R3 ' 


R5 R6 

-e_ 

IJ 

R8 R9 < 



C1.C2 ,005 f iF miniature ceramic 

Rl 30.4 ohms 

R2.R3 7 78.6 ohms 

R4 71.2 ohms (use nearest 1V« metal film values) 

R5.R6 96 .2 ohms 

R7 247.5 ohms 

A8.R9 67.0 ohms 

S7-S4 C&K 7201 DPDT PC board mount 


fig. 1. 35-db step attenuator and gain stage improve intermod performance. 


Table 1. Pi-network resistive attenuator (50 ohms). 

dB Atten 

Rl (ohms) 

R2 (ohms! 

1 

870.0 

5.8 

2 

436.0 

11.6 

3 

292.0 

17.6 

4 

221.0 

23.8 

5 

178.6 

30.4 

6 

150.5 

37.3 

7 

130.7 

44.8 

8 

116.0 

52.8 

9 

105.0 

61.6 

10 

96.2 

71.2 

11 

89.2 

81.6 

12 

83.5 

93.2 

13 

78.8 

106.0 

14 

74.9 

120.3 

15 

71.6 

136.1 

16 

68.8 

153.8 

17 

66.4 

173.4 

18 

64.4 

195.4 

19 

62.6 

220.0 

20 

61.0 

247.5 

21 

59.7 

278.2 

22 

58.6 

312.7 

23 

57.6 

351.9 

24 

56.7 

394.6 

25 

56.0 

443.1 

30 

53.2 

789.7 

35 

51.8 

1405.4 

40 

51.0 

2500.0 

45 

50.5 

4446.0 

50 

50.3 

7905.6 

55 

50.2 

14,058.0 

60 

50.1 

25,000.0 


*7 


° J 
< 
< 

A 

!«< < 
J 

» 

-1 



fig. 2. Pin configuration of Signetics NE5205. 











Some filtering is still required, however. The use of 
upconversion techniques allows installation of a sim¬ 
ple multi-pole 35- or 40-MHz low-pass filter ahead of 
the attenuator for image rejection. Inclusion of a 
broadcast band high-pass filter is also desirable for 
strong AM signal rejection. 

overcoming circuit constraints 

The circuit shown in fig. 1 allows both attenuation 
and amplification. Although using mini-toggle 
switches limits the frequency response to about 350 
MHz, they are easy to mount, inexpensive, and rug¬ 
ged. This circuit is practical for the 160- through 
2-meter bands. 


A few precautions are necessary when using the 
5205. It's usually easy to use if good RF techniques 
(i.e., providing adequate grounding and keeping the 
leads as short as possible) are employed. Care must 
be taken, however, when switching both the input and 
output circuits with a common switch assembly. The 
switch forms a capacitor between the input and out¬ 
put, while the switch leads and circuit board etching 
form a strip inductance. The resulting series LC cir¬ 
cuit in the feedback loop will cause the amplifier to 
oscillate at a VHF or UHF frequency. The circuit 
shown oscillates at about 600 MHz, but the level is 
well below saturation, and the spectrum is very clean 
below 400 MHz. All oscillations can be eliminated by 


62 QB July 1986 







THE STANDARDS OF EXCELLENCE 

SUPERIOR WEAK SIGNAL PERFORMANCE 
COMMERCIAL MODEM 

COMPARE with ANY unit at ANY Price 


THE WORLD OF VHF/HF PACKET*. 
CW. RTTY. ASCII AND NEW DUAL 
AMTOR** IS AS CLOSE AS YOUR 
FIN6ERTIPS WITH THE BRILUANTLY 
INNOVATIVE STATE-OF-THE-ART 
MICRO-COMPUTER CONTROLLED 
EXL-5000E. SPECIAL SALE 

$695 

With Pack* Badto — S795/W9 



SHOWN WITH OPTIONAL KANTRONICS KPC2 
I AND MFJ-1270 TNC-2 

Everything built in — nothing else to buy! 


• AUTOMATIC SEND/RECEIVE —A/VV SPEED A/VV SHIFT • BUILT IN COMPUTER GRADE 5‘ MONITOR • EXTERNAL MONITOR JACK • TIME CLOCK ON 
SCREEN • TIMED TRANSMISSION AND RECEIVING • SELCAL • CRYSTAL CONTROLLED AFSK MODULATOR • PHOTOCOUPLER CW.FSKKEYER • ASCII 
KEY ARRANGEMENT • 15 CHANNEL BATTERY BACK-UP MEMORY • 1.280 CHARACTER DISPLAY MEMORY • SPLIT SCREEN TYPE-AHEAD BUFFER • 
FUNCTION SCREEN DISPLAY • PARALLEL PRINTER INTERFACE • SPEEDS CW 5-100 WPM (AUTOTRACKl. 12-300 BAUD (ASCII AND BAUDOT). 12-600 
BAUD TTL; 100 BAUD ARQ/FEC AMTOR • ATC • RUB-OUT FUNCTION • AUTOMATIC CR/LF • WORD MODE • LINE MODE • WORD WRAP AROUND 

• ECHO • TEXT CURSOR CONTROL • USOS • DIDDLE • TEST MESSAGES (RY AND QBF) • MARK AND BREAK (SPACE AND BREAK) SYSTEM • VARIABLE 

CW WEIGHTS • AUDIO MONITOR CRICUIT BUILT IN • CW PRACTICE FUNCTION • CW RANDOM GENERATOR • BARGRAPH LED METER FOR TUNING • 
OSCILLOSCOPE OUTPUTS • BUILT IN 100-120 / 220-240 VAC 50/60HZ AND 13.8VDC POWER SUPPLIES • AND MUCH, MUCH MORE ■ SIZE 14W x 140 x 
5H • 1 YEAR LIMITED WARRANTY • _ 

0-777 THE MOST ADVANCED COMPUTER INTERFACE 
EVER DESIGNED FOR COMMERCIAL AND AMATEUR USE. 

RTTY. BIT INVERSION |RTTY). ASCII. AMTOR (MODE A (ARQ). MODE B (FEC AND 
SEL-FEC). MODE L), CW. ANY SPEED ANY SHIFT (ASCII AND BAUDOT)* 

IAL SALE S249 I 

AUTO DECODING: Automatically decodes signal and displays mode, speed and polarity on the CRT — COMPARE! 

• 28 BAR-LED'S and LED'S plus a Bar-Graph Tuning Indicator indicate function, mode, and status — COMPARE! 

• The awesome power of the 6 -777 Is limited only by the imagination ol the user and the terminal program of the computer. 

• Usa with Any computer that has RS232 or TTL I/a IBM. Apple. Commodore. TRS80. etc. 

Everything Built In - Including Software — Nothing Else To Buy! 

• "SPEEDS: CW 5-100 WPM (AUTOTRACK). 12-200 BAUD (ASCII AND BAUDOT). 12-600 BAUD TTL. AND RS232 OR TTL LEVEL DATA CONNECTION • 1002400 
BAUD (ASCII) OR 45 5-200 BAUD (BAUDOT) • SELCAL • MEMORY 15 CHANNELS -768 CHARACTER INPUT BUFFER • AUTO PH • CW ID ♦ DIDDLE 

• USOS • ECHO • AUTO CR/LF • ATC • RUB-OUT • CW PRACTICE GENERATOR • VARIABLE CW WEIGHTS • TEST MESSAGE (RY AND QBF I • FULL CRT 
FUNCTION DISPLAY • MARK - AND - BREAK (SPACE - AND -BREAK) SYSTEM • XTAL AFSK • AUDIO MONITOR • OSCILLOSCOPE OUTPUTS • AND MUCH. 
MUCH MORE • POWER SUPPLY REQUIREMENTS 13.8 V OC. 700MA - SIZE 9W x 100 x 2'*H • 1 YEAR LIMITED WARRANTY • 



EXCLUSIVE DISTRIBUTOR DEALER INQUIRIES INVITED FOR VOUR NEAREST OEALER OR TO ORDER 

AMATEUR-WHOLESALE ELECTRONICS TOLL FREE...800-327-3102 

8817 S.W 129th Terrace. Miami. Florida 33176 Telephone (305) 233-3631 Telex: 80-3356 


MANUFACTURER 

TONO CORPORATION 

98 Motosoja Machi. Maebashi-Shi, 371. Japan 


*PLEASE CALL FOR DETAILS 

"Dual Amlor: Commercial quality, the EXL 5000E incorporates two completely separate modems to fully support the amateur Amtor 
codes and all ol the CCIR recommendations 476-2 for commercial requirements. 

Specifications Subiect to Change 



More Details? CHECK-OFF Page 110 
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Table 2. 

T-network resistive attenuator (50 ohms). 

dB Atten R1 (ohms) 

R2 (ohms) 

1 

2.9 

433.3 

2 

5.7 

215.2 

3 

8.5 

141.9 

4 

11.3 

104.8 

5 

14.0 

82.2 

6 

16.6 

66.9 

7 

19.0 

55.8 

8 

21.5 

47.3 

9 

23.8 

40.6 

10 

26.0 

35.0 

11 

28.0 

30.6 

12 

30.0 

26.8 

13 

31.7 

23.5 

14 

33.3 

20.8 

15 

35.0 

18.4 

16 

36.3 

16.2 

17 

37.6 

14.4 

18 

38.8 

12 8 

19 

40.0 

11.4 

20 

41.0 

10.0 

21 

41.8 

9.0 

22 

42.6 

8.0 

23 

43.4 

7.1 

24 

44.0 

6.3 

25 

44.7 

5 6 

30 

47.0 

3.2 

35 

48.2 

1.8 

40 

49.0 

1.0 

45 

49.4 

0 56 

50 

49.7 

0,32 

55 

49.8 

0.18 

60 

49.9 

0.10 
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using a miniature ceramic rotary switch configured as 
fig. 4. The goal is to raise the feedback resonant fre¬ 
quency above the gain cut-off point of the 5205. This 
is accomplished by reducing switch capacitance and 
lead inductances. The 5205 can also be left “on" at 
all times, thus eliminating the oscillation problem. 

construction techniques 

The test unit was built on a 1 x 3-inch PC board with 
double-sided ground planes. The PC board can be 
mounted in a die-cast minibox that also holds the in¬ 
put and output sockets (BNC, N, or UHF) and the 
mini-toggle switches. The 5205 is available in standard 
N, surface mount, and TO-46 packages. If the TO-46 
is used, the package should be mounted in a snug hole 
and the case soldered to the ground plane. Miniature 
ceramic input and output capacitors should be sol¬ 
dered directly to the 5205 leads. Good UHF design 
techniques must be employed even if the unit is used 
only at HF. 


good intermod performance 

Attenuation in 5-dB steps was chosen. This is some¬ 
what arbitrary; other steps can be selected. Tables land 
2 are included for convenience. 3 This circuit, shown in 
fig. i, allows gains of — 35 to + 20 dB in 5-dB steps, 
which should be adequate for any H F receiver require¬ 
ments. The attenuators should precede the amplifier to 
maximize amplifier linearity. 

The noise figure of the 5205 is less than 6 dB at 100 
MHz for 50-ohm systems, dropping to 4.8 dB at 75 
ohms. The third-order output intercept point is 4-17 
dBm. This indicates that it will take two signals 33 dB 
above S9 to produce a third-order product at an SI 
level. 4 With only 5 dB of attenuation inserted, two sig¬ 
nals must be 48 dB above S9 to produce an SI level 
third-order intermod. This is indeed a strong front end! 

summary 

This simple project can greatly enhance the utility 
of a step attenuator on the test bench. In a receiver 
front end the NE5205 can eliminate bandpass filters 
while exceeding the intermodulation characteristics of 
many common mixers. Finally, when combined with 
a very strong mixer (such as the Si8901) an entire 
broadband, high-performance receiver system be¬ 
comes possible. 
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1. Krauss et al, Solid State Radio Enginering, John Wiley and Sons, 1980. 

2. Wes Hayward, W7ZOI, Introduction to Radio Frequency Design, Prentice- 
Hall, 1982. 

3. 198 SARRL Handbook, American Radio Relay League, 1986, Chapter 25. 

4. Robert J. Zavrel, Jr., W7SX, "A Calibrated S-Meter", ham radio, January, 
1986, page 23. 
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W6SAI BOOKS 

published by Bill Orr, W6SAI and Stu Cowan, W2LX 
BEAM ANTENNA HANDBOOK 

Completely revised and updated with the latest computer generated informa¬ 
tion on BEAM Antenna design. Covers HF and VHF Yagis and 10. 18 and 24 
MHz WARC bands. Everything you need to know. 204 illustrations. 268 
pages. <01985. Revised 1st edition. 

I IRP-BA Softbound $9.95 

SIMPLE LOW-COST WIRE ANTENNAS 

Primer on how-to-build simple low cost wire antennas. Includes invisible 
designs tor apartment dwellers. Full ot diagrams and schematics. 192 
pages. ‘^1972 2nd edition 

i iRP-WA Softbound $7.95 

ALL ABOUT CUBICAL QUAD ANTENNAS 

Simple to build, lightweight, and high performance make the Quad at OX'ers 
delight Everything from the single element to a multi-element monster. A 
wealth of information on construction, feeding, tuning and installing the 
quad antenna. 112 pages. ©1982. 3rd edition. 

l rp-CQ Softbound $6.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 

A wealth of projects that covers verticals, long wires, beams as well as 
plenty of other interesting designs It includes an honest judgement ot gain 
figures, how to site your antenna tor the best performance, a look at the 
Yagi-Quad controversy, baluns. slopers, and delta loops. Practical antenna 
projects that work! 190 pages. ©1978. 1st edition, 
i RP-AH Softbound $7.95 

Please enclose $3.50 for shipping and handling. ' 0 ^. 

mcho . bookstore 


GREENVILLE, NH 03048 


(603) 878*1441 
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Learn Radio 
Morse Code 

on your IBM PC, PCJR., 
PC-XT, PC-AT, or IBM compatible 


CODE TUTOR 


• Learn the letters, numbers, and punctua¬ 
tion marks 

• Practice receiving code at any speed from 
1 to 40 words per minute (like having your 
own code machine) 

• Includes 10 user-alterable messages, help 
screen, and function menu 

$9.95 Postpaid 

ARCHWAY DATA SYSTEMS 

13 Timber Road 
Edison, NJ 08820 *" 116 


The Electronic Orphanage 

427-3 Amherst Street, Suite 174 
Nashua. NH 03063 CS2032 
Phone: (603) 882-8740 BBS: (603) 882-9312 8/N71 
Our orphans include: 

Weller TC202 or Ungar 9200 soldering stations, 
refurbished. 30 day guarantee $25.00. 

Lisa 2 systems, include 512K memory, keyboard, 
mouse. 2-serial ports, 1-parallel port New $1200. Oemo 
$1100, Used $1000. 

MAC XL (same accessories as Lisa 2 plus 10 Mb hard 
disk). New $2600, Demo $2500. Used $2400. 
Accessories (or above systems: 

512K memory card $350 NEW 

5 Mb PROFILE disk $450 USED 

10 Mb PROFILE disk $999 USED. $1200 NEW 

Parallel interface $160 NEW 

Lisa 7/7 V3.1 $350 NEW 

FACET plotters - serial port, parallel port, HPGL. 90 day 
factory warranty, slightly used 

Call (or Model and Price 

FACIT Letter quality daisy wheel printers, serial inter¬ 
face. DIABLO emulation, 40 CPS. 90 day warranty, 
slightly used. CAU F0R M0DEL ANQ pR)CE 


Call our bulletin board for details and other small quantity 
specials. 

We accept Mastercard and Visa. COOs welcome. Personal checks 
delay your order 30 days OR until you leave a message with us leav¬ 
ing the code number we put on the back of your check. 


Electronic Repair Center 

Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 
Kenwood, Icom and Yaesu. 

SEND US YOUR PROBLEMS 

Servicing “Hams" for 30 years, no rig 
too old or new for us. 




il' 


TIRED OF THE 
TAIL WAGGIN’ 

/the dog? 


f 


GO TEN-TEC 

ULTIMATE 

TEN-TEC's ULTIMATE high frequency mobile antenna compli¬ 
ments today’s smaller cars with a sleek high performance design 
measuring less than 6 V 2 feet and weighing a bare 12 ounces. You’ll 
never have to fold the ULTIMATE antenna ... or guy it with fishing 
line to keep it vertical and resonant at highway speeds. There’s less 
mass to resist the wind, yet the ULTIMATE is ruggedly built, easy 
to install, and packs a no compromise punch so necessary in mobile 
operations. 

The ULTIMATE features a longer coil housed in a durable fiber¬ 
glass shaft. Air is forced from the coil housing and replaced with 
helium, a stable gas that mixes with no other elements so it helps 
eliminate corrosion. 

A telescoping stainless steel whip helps facilitate tuning. The mount¬ 
ing ferrule is chrome-plated brass and fits standard 3/8” x 24 mounts. 

Seven “easy-on-easy-off” antennas cover 10 through 80 meters. 
Switchable Mobile Matcher available for all hands. 

See your dealer or write 


irar TEN - 

II IP II SEVIERVILLE, 


I EL*, INC. 

TENNESSEE 37862 


4033 Brownsville Road 
Trevose, Pa. 19047 jjj 

215-357-1400 


BELDEN 9913/9914 CABLE 
“N” Connectors $3.50 Crimp or Solder Type 


FOX INTERNATIONAL. INC. JpgU 

717 W. UNION HILLS DR. #3-190 
PHOENIX, AZ 85027 
(602)971-2755 

‘We Specialize In Custom Connectors” ^ «3 
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a summer miscellany 

Summer's here! Even though the 
sunspot cycle doesn't promise much 
DX, these are the months for antenna 
work. Here are some interesting de¬ 
signs you may want to try. 

7-MHz sloping antenna 

Many Amateurs have had success 
with the delta loop on the lower fre¬ 
quency bands. I've had queries about 
the effect of mounting the loop at an 
angle in order to conserve pole height. 
Does tilting the plane of the loop im¬ 
pede its fine DX record? I didn't know 
the answer to this question, but Kjell, 
SM6CTO, decided to try out the slop¬ 
ing loop shown in fig. 1 . He found out 
that it worked very well; while he 
couldn't make a direct comparison 
with a vertical loop, he found it to be 
“a useful DX performer." (The anten¬ 
na was described in the September, 
1985, issue of Radio Communication, 
a publication of the Radio Society of 
Great Britain.)* 

broadband 80-meter dipole 

There's been a lot of sound and fury 
about the so-called broadband dipole 
for the 80-meter band (3.5 to 4.0 
MHz). Many designs have been pub¬ 
lished and some of them work. One 
design that does work was recently 
described by Malcolm Johnson, 
VK6LC, in the November, 1985, issue 
of Amateur Radio, published by the 
Wireless Institute of Australia.* The 
layout is shown in fig. 2. 

In brief, it's a cage dipole about 102 
feet long, fed by a matching trans¬ 
former and a 1-to-1 balun. The SWR 
on a 50-ohm transmission line across 
the 3.5- to 3.8- MHz range is less than 

•Walter Schulz, K30QF, "Designing A Vertical Anten¬ 
na/' (1ST, September, 1978, page 19. 


1.8-to-1, with a minimum SWR of 
1.3-to-1 at the design frequency of 
3.65 MHz. It's ideally suited for use 
with a solid-state transmitter. Less 
than half a wavelength long, the five- 
wire cage exhibits a capacitive reac¬ 
tance at the feedpoint that's trans¬ 
formed by the parallel line transformer 
to become slightly inductive. A shunt 
capacitor at the feedpoint parallel- 
resonates with the inductive reactance 
to aid in improving antenna bandwidth 
response. 

The dipole is erected in inverted-V 
fashion, with the center apex at 36 feet 
above ground. 

Malcolm used a four-way splice con¬ 
nector called a "Queblock" to make 


his insulated spreaders. In any event, 
it seems that a little ingenuity will pro¬ 
duce a spreader that will do the job. 
Six spreaders are required. 

The two-wire transformer is about 
0.08 wavelength long (20.7 feet) and 
has an impedance of 300 ohms. 
VK6LC used a home-made line, but I 
think that 300-ohm ribbon line could be 
used for low-power operation, provid¬ 
ed the velocity facor of the line is tak¬ 
en into account. The shunt capacitor 
can be a high-voltage disc unit or mica 
capacitor of 1 kV or better, for pow¬ 
ers up to several hundred watts. 

In order to obtain an accurate SWR 
profile of the antenna, VK6LC used a 
half-wave long transmission line. 
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(15.54m) 



fig. 2. The 80-meter cape diode at VK6LC. A 500pF capacitor is placed across at the balun. 


SOUTH NORTH——I* 

RYt (NC) r , RY2(NC) 

500 



fig. 3. Variable length Beverage antenna at WB3GCG. Relay selection at operating position permits choice of 500,1000 or 2000 foot wire. 
Power to relays runs through coax line. 


The center resonant frequency of 
the antenna can be easily changed by 
adding or subtracting 5 inches of the 
300-ohm line for each 20 kHz of 
desired frequency change. 

Results? Plenty of DX worked, in¬ 
cluding such juicy examples as 
A71AD, ON5YA, YU4EBL, H44IA, 
WA6SLO, HA5XW and others - all 
with 100 watts! That's not bad for any 
antenna on the QRM-filled 80-meter 
band! 

all you need is . . . 

... a bunch of 200-foot towers! I 
just received a letter from Willy, 
WB3GCG, who has changed occupa¬ 
tions and moved to a new QTH. He's 
had some big 160-meter antennas in 
the past and is looking forward to great 


DX days ahead. On 20 acres of land, 
he's erecting three 200-foot high steel 
towers arranged in a triangle, approx¬ 
imately 500 feet apart. The towers will 
support the ends of several Beverage 
antennas, each 2000 feet long. Relays 
will be placed along the Beverage 
wires so the wire can be either 500, 
1000, or 2000 feet long. When he's fin¬ 
ished, Willy will have eight Beverage 
antennas. The feed system for the an¬ 
tennas is as shown in fig. 3. Each wire 
section is terminated in a 9-to-1 trans¬ 
former. Coax lines run to the operat¬ 
ing position; the wire lengths and 
terminating resistors are selected 
through a control box. 

But that isn't all. Willy uses separate 
antennas for transmitting and receiv¬ 
ing. For transmitting, he favors a 


large vertically polarized loop (fig. 4). 
Similar loops are used as directors and 
reflectors. He can switch to horizon¬ 
tal polarization by means of a vacuum 
relay located at the apex of the loop. 

A large number of loops are strung 
on catenary cables between the tow¬ 
ers. Willy aims to have three separate 
160-meter delta loop beams, each con¬ 
sisting of back-to-back four-element 
parasitic arrays with a common driv¬ 
en element (see fig. 5), strung be¬ 
tween the towers! With the use of 
multiple feedlines and vacuum relays, 
each delta beam can be quickly 
reversed in direction. It takes a total of 
seven loops and 3500 feet of No. 14 
four-strand, vinyl-covered wire for one 
beam! 

In closing, Willy remarks that the 
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SOUND 

AND VIDEO MODULATOR 
FOR T.I. COMPUTER 


Tl # UM1381-1. Designedfor use with T.l. com¬ 
puters Can be used with video sources Built-in 
A/B switch. Channel 3 or 4 selection switch. 
Operate on 12 vdc. Hook-up diagram included. 



22 EDGE CONNECTOR $1.25 ea 
solder lug style 10 for $ 11.00 

22/44 EDGE CONNECTOR 
$2.00 ea PC. style 10 for $18.00 
22/44 EDGE CONNECTOR 
solder lug style $2.50 each 
28/56 EDGE CONNECTOR 
$2.50 ea PC. style 10 for $22.00 
36/72 EDGE CONNECTOR 
PC. style $3.00 each 

43/86 EDGE CONNECTOR 
PC. style $4.50 each 

TRANSISTORS 

2N706 4 for $1.00 

2N2222A 3 for $1.00 

PN2222A 4 for $1.00 

2N29Q4 3 for $1.00 

2N29Q4 3 for $1.00 

2N29Q5 3 for $1.00 


CAT# AVMOD WERE $10.00 REDUCED TO S5.00 EACH 


SPECIALS MICRO-CASSETTE MECHANISM 


MJ2955 

$1.50 

2N30S5 

$ 1,00 

PMD10K40 

$ 1.00 

TIP 12l 

754 

TIP 125 

754 

TRANSFORMERS 

120 volt IK 


primaries 


5.6 volt# @ 750 ma. 

S3.00 

6 volta # 150 ma. 

$1.25 

6.3 volt @ 600 ma. 

$3.00 

12 V.C.T. @ 200 ma. 

$ 2.00 

12 V.C.T. @ 400 ma. 

$3.00 

12 V.C.T. 1 amp 

$4.00 

12 V.C.T. @ 2 amp 

$4.85 

12 V.C.T. (<P 4 amp 

$7.00 

18 voWa ® 650 ma. 

$3.50 

24 V.C.T. & 200 ma. 

$2.50 

24 V.C.T. @ 1 amp 

$4.66 

24 V.C.T. <fi 2 amp 

$6.75 

24 V.C.T, @ 3 amp 

$9.50 

24 V.C.T. @ 4 amp 

$ 11.00 


1 AMP 50 VOLT DIODES 

IN4001 TAPE AND REEL 

100 for $4.50 
1000 for $30.00 

SOLDER TAIL I.C. 
SOCKETS 

24 PIN 10 for $2.50 

100 for $22.00 
1000 for $200.00 


* SPECIAL PRICE* 
TRANSISTOR 

plastic transistor 
PN3569 TO-92 N.P.N 

100 for $ 8.00 

1000 for $60.00 

LARGE QUANTITIES 
AVAILABLE 


Micro-cassette tape transport for 
standard MC60 or MC45 
micro-cassettes. 3 Vdc operation. 

Contains: drive motor, belt. head. 
capstan, pinch wheel and other 
components 3 1/2" X 2 1/4" X 5/8" 1 

CAT# MCMEC $3.00 each 10 for $27.50 


36 V.C.T. ® 135 ma. $3.00 

WALL 

TRANSFORMERS 


NEWT I. KEYBOARDS. Originally 
used on computers, these key 
boards contain 48 S.P.S.T.mecn 
anical switches. Terminates to 
15 pin connector. Frame 4" x 9' 
CAT # KP-48 $6.50 each 
2 for $ 11.00 


COMPUTER fli 
GRADE P 
CAPACITORS 

2,000 mtd. 200 Vdc ^_l 

1 3/4" x 5" high $2 00 

6,400 mfd. 60 Vd c 
1 3/8" x 3 3/4'high $2.50 
9,700 mfd. 50 Vdc 
1 3/8" x 4 1/2" high $3.00 
31,000 mfd. 15 Vdc 
1 3/4" x 4" Itigh $2.50 

50,000 mfd. 40 Vdc 
3” x 5 3/4" htah $4.50 

60,000 mfd. 40 Vdc 
3“ x 5" high $3 50 

66,000 mfd. 15 Vdc 
3 "x 33/4" high $3 00 
86,000 mfd. 30 Vdc 
3" x 51/4" high $3 50 

5,500 mfd. 30 Vdc 
1 3/8" x 3 1/2" high $100 
5,900 mid. 30 Vdc 
1 3/8" x 2 1/4“ high $1.00 
9,300 mfd. 50 Vdc 
T x 41/2" high $100 

18,000 mfd. 10 Vdc 

1 3/8“ x 2 5/fl" high $1.00 
48,000 mfd. 10 Vdc 

2 1/2“ x 3 1/4" high $1.00 
100,000 mfd. 10 Vdc 

2 1/2’x 6" high $1.00 

185,000 mfd. 6 Vdc 
2 1/2" X 4 1/2" high $1.00 


RELAYS 

30 AMP SOLID STATE 

CONTROL; 3 32 vdc I 
LOAO: ]40wac 10 air-p t 

SIZE: 214*, 

$9.50 EACH 10 FOR $90.00 

ULTRA-MINIATURE 

5 VDC RELAY 

Fujitsu # _ 

FBR211NED005M20 

High sensitivity Bte'jl 

COIL: 120 ohms FT 

CONTACTS 1 amp 

Mounts in 14 pin DIP socket 

$1.25 each 10 for $10.00 

MINIATURE 

6 VDC RELAY 

Aromat #RSD-6V . 

Super Small 

S.PD.T. relay mTgB 

GOid colbait *n'*T T iT 

contacts rated 1 

1 amp @ 30 vdc. Highly sensitive, 
TTL direct drive possible. 120 ohm 
coil. 

Operate from 4.3 - 6 vdc. 

COIL: 120 ohms $1.50 each 

lOtor$13.50 


all plug directly 
into 120 vac 
outlet 




4 VDC @ 70 ma. $2.00 

8 VAC @ 500 ma. $3.50 

6 VDC @ 750 ma. $4.50 

9 VDC ® 500 ma. $5.00 

12.5 VAC® 265 ma. $3.00 

18 VAC Iff 18 VA and 

8.5 VAC (<f 1.28 VA $3.50 
24 VAC® 250 ma. $3 00 
MULTI-VOLTAGE ® 500 ma.' 
3,4'/i,6,7Va,9 or 12 VOC $ 750 


MINI-BOX 

Pomona #2104. 

/ $1.00 EACH 


Heavy-duty black 
phenolic project box with cover and 
screws. 2W X1 Vz" X1W 

FUSES 

3AG (AGC) SIZE 

I, IW, 2. 2¥, 7 , 3,4, 5, 6 AMP 

GMA SIZE 

1, 2, 3, 4, 5 AMP 

5 of any ONE amperage 750 


DMiliiiiWillSIHna 

LOS ANGELES, CA STORE 
906 S Vermont Avo. 

213 380-8000 

VAN NUYS, CA STORE 

6228 Sepulveda Blvd. 

818 997-1806 


Tl SWITCHING POWER SUPPLY 

Compact, well-regulated switching power supply 3 
designed to power Texas Instruments computer 
equipment * <\PFriAI t 

INPUT 14 - 25 vac @ 1 amp orct ,ML J 
OUTPUT: +• 12 vdc@350ma PRICE * ' 

+ 5vdc@1.2amp j 

- 5 vdc @ 200 ma 

SIZE. 4%” x 4'A" x 1W high «■<* 1 


13.8 VDC REGULATED POWER SUPPLY 

/w/il/flM/IS, These are solid state, fully requiated 13 8 vdc 
/^////////Jj/m P° wer supplies. Both feature 100% solid state 
/ 'mm construction, fuse protection. andL E O power 

/ MM indicator u.L. listed 


2 amp constant, 4 amp surge 
Samp constant, 5 amp surge 


$ 20.00 aach 

J2Z50 •ICR 



TWIST-LOCK 

CONNECTOR 


13 VDC RELAY / 

CONTACTS- S RN.C MBS 
10 amp @120 vac WJsai 
Energize coil to 

open contact . pyT 

COIL 13 vdc 650 ohms 

SPECIAL PRICE $1.00 each 

4PDT RELAY |{jS^ 

14 pin KH style ImSft it I 

3 amp contacts... *1 

USED but fully 

tested $1.70 aach w 

Specify coil voltage desired 
Either 24 vdc or 120 vac 

LARGE QUANTITIES AVAILABLE 
SOCKETS FOR KH RELAY 
754 each 

RECHARGEABLE 
NI-CAD BATTERIES 


AAA SIZE 1 25V 500mAH$1.85 
AA SIZE 1 25V 500mAH $1,85 
AA with solder tab $2.00 

C SIZE 1.2V l20cmAH $3.50 
SUB-C SIZE solder lab $3.50 
D SIZE 1.2V 1200mAH $3.50 


Oesigned to provide a steady ± 5 
vdc ra> 240 ma. from a battery 
suppTy of 3.5 to 6.25 volts. 

27, 6 " x 17,6 

$1.50 each 


Same as Switchcraft #12CL5M. 

5 conductor in-line plug and chassis 
mount jack. Twist-lock style. 

S2.50/SET 



2K10TURN 

MULTI-TURN POT 
B SPECTROL 
f- * #MOD 534-7161 

$5.00 EACH 


BUZZER 

N Star #SMB-06L 
V 6 vdc 

'l TTL compatible 

$ 1.00 each 
> 10 for $9.00 


± 12 Vdc or 24Vdc POWER SUPPLY 


Etn$#99XMl82 low 
noise fan Measures 
3*' square x 1 deep 
21 cfm. 23 db 1700rpm 

SPECIAL PRICE . . $12.50 each 


DELTR0N MODEL QD12/15-1.7 
Dual plus and minus 12Vdc open 
frame power supply. Can be used as 
24Vdc@ 1.5 amp INPUT: either 
116 Vac or 230 Vac 
Fully regulated computer grade supply. 
7- x 4V*“ x 2%" 

$12.50 each 10 for $110.00 


PHOTO-FLASH 

CAPACITORS 



170 mf 330v 
75* ea. 

CAT* PPC-170 
400 mf 330v 
1.00 ea. 

CAT# PPC-400 

1 800 mf 330v 
1.35 ea. 
CAT# PPC-800 


Three sizes 
available: 



3W' SPEAKER 

E 8 ohm 

impedance, 

8 oz magnet 
4' diagonal 
nounting centers. 

$2.50 each 10 for $20.00 

SPRING LEVER 
TERMINALS 

Two color i,, 0 g | 

coded . + 

terminals on a „ • 

sturdy 2%" x 

3%" bakelite 0 „ oj 

plate. 

Great lor speaker enclosures or 
power supplies. 

750 EACH 10 for $6.00 


TWO WIRE 

6 18/2 SPT-1 flat 3 for $1.00 
6 18/2 SPT-2 flat 2for$1.00 
6 16/2 SJT round $1.25 each 

THREE WIRE 

6 18/3 flat $1.50 each 
8 18/3 round $2.00 each 

7 CONDUCTOR 
RIBBON CABLE 


XENON FLASH TUBE 


3/4" long X 1/8" dia. Flash 
tube designed for use in 
compact camera flash units. 
Idea! for experi mentors. 

CAT# FLT -1 2 for $1.00 


MINIATURE TOGGLE SWITCHES 

ALL ARE RATED 5 AMPS @ 125 VAC 


S.RD.T. . 

(on-on) II 

PC style # 

non-threaded f-ILK 
bushing ■‘**£1 

754 each 

10 for $7.00 tl U H 

S.RD.T. . 

(on-off-on) I 

PC. style #1 

non-threaded c-flk. 
bushing ■ri7*.| 

75* mmch 

10 for $7.00 11/ V 


terminals. rfB 

$ 1.00 each 
10 for $9.00 ft! 

100 for $ 80.00 


$1.00 aach Vn 
10 for $9.00 u u 
100 for $ 80.00 


S.RD.T. 

(on-off-on) i 

Solder lug A 
terminals. ffll 

$1.00 each C 
10 for$9.00 *1 

100 for $ 80.00 


terminals. /SS 

$2.00 each 
10 for $10.00 
100 for $180.00 


STANDARD JUMBO 
DIFFUSED T 1-3/4 

RED 10 for $1.50 /ft 
100 for $13.00 

GREEN 10 for $2.00 JJ 
100 for $17.00 [j 
YELLOW 10 for $2.00 
j. 100 for $17.00 | I 

2 FLASHER LED 

■ 5 volt operation 

red jumbo T1% 
j size $1.00 each 

II NEW GREEN FLASHER 

11 CAT # LEO-4G $1.00 

BI-POLAR |Om f (o VjV7 5 0 e 


LED HOLDERS _ _ 

Two piece holder v —* fffl 

for jumbo LED 

10 for 654 100 for *5.00 

CLEAR CLIPLITE 
LED HOLDER 

Make LEO a fancy 
indicator Clear L -‘ 2 L 

4 for $1.00 ** 


MAIL ORDERS TO: 

P.O. BOX 20406 

Los Angeles, CA 90006 

TWX - 5101010163 ALL ELECTRONIC 
EASYLINK MBX - 62887748 



TOLL FREE ORDERS ONLY QUANTITIES LIMITED 

1 800-826 5432 MINIMUM ORDER $10.00 

(ORDER ONLY) USA S3.00 SHIPPING 

CN CALIFORNIA: 1 800 258 6666) FOREIGN ORDERS 
ALASKA, HAWAII, INCLUDING SUFFICIENT| 

OR INFORMATION SHIPPING 

(213)380 8000 NO C.O.D.! CALIF. RES. ADD 6Vz% 


D.RS.T. LIGHTED 
ROCKER SWITCH 

115 vac lighted rocker. 

Snap mounts in 

V x I’/i hole. II fi* f 

Orange lens 16 amp U\l ^ 
contact 

$1.50 

MINI-PUSH BUTTON 

S.PS. T. momentary 
normally open 

JSM- 

r/'^/SNAP ACTION 
3^, > SWITCH 

Cherry elect. #E-21. N O. or N.C 
0 1A contacts. Suitable for alarms 
and other low energy circuils. 

1 Vi" lever. 

454 EACH 10 FOR $4.20 


220 Vac 
COOLING FAN 

ROT RON # tr " g r 
MX77A3 l/fliX' 
Muffin XL ( 

220 Vac li'C^A/i 
4 i/8" square iy\l 

mefal frame fan. 

CAT# CF-220 $6.50 ca 
10 for $60.00 / 100 for $500 00 
QUANTITIES AVAILABLE 





































fig. 5. WB3GCG's delta loop consists of seven 500-foot loops of wire, for a total of 3500feet. 


delta loop beam really works. All of 
this reminds me of the song, "Will 
everyone here/kindly step to the 
rear/and let a winner lead the way!" 
Good luck, WB3GCG, and may the 
wintry winds be kind to your antennas. 

the "rinky-dink" antenna 
at K6FD 

Yes, that's what Ray, K6FD, calls 
his tuned 40-meter V-doublet (fig. 6). 
He uses it on the 30, 40, 80, and 
160-meter bands. The antenna is 
"tuned" from the operating position 
with a T-network. The included angle 
between the legs is about 75 degrees, 
and the wires slope down slightly to¬ 
wards the ground. The antenna is 
decoupled from the feedline with a 
simple 14-turn coil, 3 inches in di¬ 
ameter, of small RG-141/U coax. The 
remainder of the feedline is RG-58/U. 

The simple network allows unity 
SWR to be achieved on all bands. The 
coax feedline is about 100 feet long. 
Ray says that with appropriate coils in 
the network, the system will tune 
through the broadcast band. 

Ray recommends this antenna to 
those operators who would like to try 
80- and 160-meter operation but 
haven't done so because they haven't 
room for large antennas. 

a cheap, top-loaded 

antenna 

for 160 meters 

Arne, K0AS, is lucky in that he has 
a number of tall trees on his property. 
He wanted to work the low end of 160 
meters and found design information 
for a top-loaded vertical antenna in an 
article in an old copy of QST. Follow¬ 
ing that design, he used a 50-foot high 
wire with plenty of top loading. The 
top loading disk, a rectangle in this 
case covering 480 square feet, is made 
of No. 10 copperweld wire. An L- 
network is placed at the base of the 
antenna to match it to a 50-ohm coax 
line. Beneath the antenna are 50 radi- 
als, each 125 feet long. A sketch of the 
antenna and the matching network is 
given in fig. 7. The feedpoint resis¬ 
tance of the antenna is about 18 ohms. 

The resonant frequency of the an¬ 


tenna can be raised to about 1850 kHz 
by manipulating the switches in the 
base network. At this frequency, the 
operating bandwidth between the 
2-to-1 SWR points on the feedline is 
about 60 kHz. 

Arne says the antenna is "quite in¬ 
expensive and the results are most 
gratifying." You couldn't ask for much 
more than that. 

another nifty low-band 
antenna 

Bob, K9EVI, wanted an antenna 
that would cover 160, 80, 40, and 30 
meters and fit in his back lot. What to 
do? He had a tower that supported a 


tribander for 20, 15, and 10 meters — 
now he needed an antenna for the low 
bands. 

His solution was to use a center-fed 
dipole, 45 feet on a leg. The antenna 
is slung, in inverted-V fashion, from 
the top of his 45-foot tower. The ends 
are about 15 feet above ground level. 
Bob uses a 600-ohm, open wire feed¬ 
line about 45 feet long that runs down 
to his station and into a simple match¬ 
ing network (fig. 8) for 80- and 
160-meter operation. For the other 
bands, he uses an old Johnson 
"Matchbox" tuner. On 80 and 160 
meters, the antenna feeders are tied 
together and the system works as a 
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top-loaded vertical antenna, with the 
feeders doing the major portion of 
radiation. 


the first radio handbook 

The Wireless Experimenter 


proclaimed it “the publishing event of 
the year." Experimenters in the Unit¬ 
ed States and Canada bought out the 
first edition even before it was on the 
presses. And the General Electric 
Company bought 500 copies sight- 
unseen. 

Starting with Marconi's famous ex¬ 
periments at the turn of the century, 
the advance of wireless (i.e., radio) 
rushed ahead in Europe. Following in 
the footsteps of Marconi, experi¬ 
menters and engineers in Germany 
quickly advanced the radio art. But 
very little of this advanced knowledge 
crossed the Atlantic to the United 
States. Hearsay, letters, and months- 
old magazines were the only sources 
of information available to experi¬ 
menters and Radio Amateurs in the 
United States. 

There were, however, rumors of a 
wonderful handbook, written in Ger¬ 
man, entitled Lehrbuch fur Dratlose 
Te/egraphie (Textbook for Wireless 
Telegraphy). A few copies could be 
found in college libraries, but the in¬ 
formation was obviously accessible 
only to those who had a good com¬ 
mand of technical German. 

The 1912 version of the book — 
written in 1905, published in Braunsch¬ 
weig in 1908, and revised in 1912 — 
was translated by A. E. Seelig of Wells- 
ville, New York, and published by 
McGraw-Hill in the fall of 1915. And 
what a wonderful book it was! Writ¬ 
ten by Professor Jonathan Zenneck of 
the Technical High School of Danzig, 
the 440-page hardbound book clearly 
defined and explained the wonderful 
world of wireless. The book bristled 
with photographs of arc and spark 
transmitters and various types of crys¬ 
tal, carborundum, magnetic, and di¬ 
ode receivers. Much attention was 
given to antenna design and installa¬ 
tion. Long-range propagation via the 
ionosphere was discussed along with 
gray-line propagation at sunrise and 
sunset. 

Interestingly, comprehensive data 
was provided on voice transmission 
using an arc transmitter, a technique 
seemingly known to only a handful of 
experimenters. 
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STATE OF 
THE ART 

The ARRL 1986 Handbook For 
The Radio Amateur carries on the 
tradition of the previous editions 
by presenting 1192 pages of com¬ 
prehensive information for the 
radio amateur, engineer, tech¬ 
nician and student. Paper edition 
$18 in the U.S., S19 in Canada, and 
elsewhere. Clothbound $27 in the 
U.S., $29 in Canada and elsewhere. 


THE AMERICAN RADIO RELAY LEAGUE 
225 MAIN ST. 
NEWINGTON. CT 06111 


POPULAR PA 19 
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Over 8,000 sold since 1976 
0 5 200 MHz bandwidth 
19 dB gam 
50 12 in/output 
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Built, tested & ready lo go 

' ONLY $9.95 PPD 


NEW POCKET SIZED 
500 MHz Freq. Counter 


Compact design-pockel sized 
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MHz to within 1 kHz 

Built-in telescoping 
antenna 

Uses 1 standard 
9 volt battery 

All units pre tested and 
calibrated to 001% 

Professional and dependable perfor¬ 
mance at a low cost 

- 202 ONLY $49.95 PPD 


DIGITREX 

1005 BLOOMER 
ROCHESTER, Ml 48063 

WEST COAST DISTRIBUTOR 

R. LUKASZEWICZ 

20610 ALAMINOS DRIVE SAUGUS. CA 91350 
(605) 252 6021 
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This beautifully illustrated book, 
printed on cream-colored heavy paper, 
made Professor Zenneck an instant 
celebrity in the United States. 

the doctor is interned 

Shortly before World War 1, Dr. 
Zenneck came to the United States. 
Welcomed with a dinner at the Insti¬ 
tute of Radio Engineers in New York, 
he visited many radio laboratories, as 


well as the German-owned radio sta¬ 
tion at Sayville, New York. 

On July 6, 1917 the wireless world 
was stunned by a headline in the New 
York Times: ARREST GERMAN 
RADIO EXPERT AND TAKE HIM TO 
ELLIS ISLAND. The Department of 
Justice had determined that Dr. Zen¬ 
neck was "one of the most dangerous 
German subjects in this country," and 
claimed that he had participated in 
"the memorable German drive through 


Belgium" and had later "falsified his 
passports" to gain admission to the 
United States (fig. 9). 

Were these accusations true? No 
matter. Dr. Zenneck was interned at 
Ellis Island for the duration of the war. 
Released at the end of the war, he 
reportedly enjoyed a reunion dinner 
with his colleagues at the Institute of 
Radio Engineers, but thereafter disap¬ 
peared from history. 

By that time the glamour of "Zen¬ 
neck" had faded. Great strides in ra¬ 
dio communication had been made 
during the war period and the vacuum 
tube was supplanting the spark, the 
arc, and the crystal detector. 
DeForest's audion, which originally 
rated a half-page in "Zenneck," was 
now supreme and large portions of the 
first Radio Handbook were swept into 
the dustbin of history. 

"Zenneck"today 

Looking at yesterday through the 
eyes of today is an instructive exper¬ 
ience. Zenneck had a firm grasp of the 
basic principles of wireless. Much of 
his book is fundamentally correct and 
the work stands as a monument to the 
author and the many prominent scien¬ 
tists who assisted him. Copies of the 
first edition of Wireless Telegraphy 
(1915) are very rare and hard to locate. 
(I found mine in a second-hand book¬ 
store.) It is prudent for connoisseurs 
of the radio art to be alert for a copy 
of this work because it represents the 
very foundation of radio handbooks 
today. 

A belated — and much-deserved — 
congratulations to Professor Jonathan 
Zenneck for a job well done! 

2-meter EME directory 

The 16-page directory of active 
2-meter "moonbounce" stations 
worldwide, listing each station's name, 
QTH, and equipment used, has been 
reprinted. For a copy, write to me at 
EIMAC, 301 Industrial Way, San 
Carlos, California 94070. Enclose five 
first-class stamps (or five IRCs) for 
postage. 

ham radio 



ARREST GERMAN RADIO EXPERT 
AND TAKE HIM TO ELLIS ISLAND 


Professor Zenneck Is to Be In¬ 
terned During War By Order 
From Washington. 

By the United Pr«*. 

Trenton, N. J., July 6.—Acting un¬ 
der special orders from the Depart¬ 
ment of Justice at Washington, 
United State Deputy Marshal Lin¬ 
ford Denny, of this city, lat e last 
night placed Prof. Jonathan Zenneck, 
German radio expert, under arrest 
and took him to Ellis Island, where 
he will be interned for the duration 
of the war. 


The Department of Justice is said 
to look upon Professor Zenneck as 
one of the most dangerous German 
subjects in this country. Germany 
looks upon him as one of her most 
skilled wireless telegraph experts, 
and he came to this country espe¬ 
cially to direct German wireless ac¬ 
tivities. For a long time he was in 
charge of the German radio station 
at Sayville. Of late he has been liv¬ 
ing at Boonton, at which point he 
was arrested by Deputy Denny. 

Before coming to America Professor 
Zenneck served in the German Army 
in an official capacity. He partici¬ 
pated in the memorable German drive 
through Belgium and later by falsify¬ 
ing his passports gained admission 
to the United States. 


fig. 9. The New York Times reported arrest and detention of Professor Zenneck. 
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ASTRON 

CORPORATION 


INSIDE VIEW - RS-12A 


MODEL RM 3SA 


RS-A SERIES 


MODEL RS-7A 


RS-M SERIES 


MODEL RS-35M 


VS-M SERIES 


MODEL VS 20M 


RS-S SERIES 



9 Autry 

Irvine. CA 92718 
(714) 458 7277 


Canadian Distributor 
Eastcom Industries. Ltd 
430 Signet Drive 
Weston. Ont Can 49L 2T6 
(416) 743-7801 



ASTRON POWER SUPPLIES 

• HEAVY DUTY • HIGH QUALITY 

RS and VS SERIES 

• RUGGED • RELIABLE • 

SPECIAL FEATURES 

PERFORMANCE SPECIFICATIONS 

• SOLID STATE ELECTRONICALLY REGULATED 

• INPUT VOLTAGE 105 • 125 VAC 

• FOLD-BACK CURRENT LIMITING Protects Power Supply 

• OUTPUT VOLTAGE 13 8 VDC ± 0.05 volts 

tram excessive current & continuous shorted output 

(Internally Adjustable 11-15 VDC) 

• CROWBAR OVER VOLTAGE PROTECTION on all Models 

• RIPPLE Less than 5mv peak to peak (lull load 

except RS-4A 

• MAINTAIN REGULATION 4 LOW RIPPLE at low line 
input Voltage 

• HEAVY DUTY HEAT SINK • CHASSIS MOUNT FUSE 

• THREE CONDUCTOR POWER CORD 

• ONE YEAR WARRANTY • MADE IN U.S.A. 

6 low line) 







MODEL RS-12S 


MODEL RS-50M 


MODEL VS-50M 

If" X S’. RACK MOUNT POWER SUPPLIES 





Continuous 

tcs- 

Size (IN) 

Shipping 

Model 

Dufy (AMPS) 

(AMPS) 

HXWXO 

Wt. (lbs.) 

RM35A 

25 

35 

5’/4 x 19 x 12 V? 

38 

RM 50A 

37 

50 

5V 4 x 19 x 12 V? 

50 

• Separate Volt and Amp Meiers 




RM 35M 

25 

35 

5'/4 x 19 x 12 V? 

38 

RM 50M 

37 

50 

5'/4 x 19 x 12 V? 

50 


Continuous 

ICS* 

Sire (IN) 

Shipping 

MODEL 

Duty (Amps) 

(Amps) 

HxWX D 

Wt (lbs) 

RS-4A 

3 

4 

3V. x 6'/» x 9 

5 

RS-7A 

5 

7 

3 5 /t x 6Vt x 9 

9 

RS-7B 

5 

7 

4 • 7' , ■ 10*. 

10 

RS-10A 

7 5 

10 

4 x 7Vt x 10V. 

11 

RS-12A 

9 

12 

4'/t x 8 x 9 

13 

RS-20A 

16 

20 

5 x 9 x IO’/i • 

18 

RS-35A 

25 

35 

5x11x11 

27 

RS-50A 

37 

50 

6 x 13 V* x 11 

46 

• Switchable volt and Amp meter 





Continuous 

ICS* 

Size (IN) 

Shipping 

MODEL 

Duty (Amps) 

(Amps) 

HxWxO 

Wt (lbs) 

RS-12M 

9 

12 

4’/z x 8 x 9 

13 

RS-20M 

16 

20 

5 x 9 x IOVj 

18 

RS-35M 

25 

35 

5x11x11 

27 

RS-50M 

37 

50 

6 x 13V. x 11 

46 

• Separate Volt and Amp Meters 




• Output Voltage adjustable from 2-15 volts 




• Current limit adjustable from 1 5 amps to Full Load 




Continuous Duty 

ICS* 




(Amps) 

(Amps) 

Size (IN) 

Shipping 

MODEL 

0i3ivrc<?iovrc&5VTC 

@13.8V 

HxWxO 

Wt (lbs) 

VS-20M 

16 9 4 

20 

5 x 9 x lO'/t 

20 

VS-35M 

25 15 7 

35 

5x11x11 

29 

VS-50M 

37 22 10 

50 

6 x 13V. x 11 

46 

• Built in speaker 






Contmous 

ICS* 

Size (IN) 

Shipping 

MODEL 

Duty (Amps) 

Amps 

HxWiD 

Wl (lbs) 

RS 7S 

5 

7 

4« iv, x loy. 

10 

RS 10S 

7.5 

10 

4 x 7% x 10% 

12 

RS-tOl(ForlTR) 7 5 

10 

4 9 - 13 

13 

RS 12S 

9 

12 

4% x 8 x 9 

13 

RS-20S 

16 

20 

5 x 9 x 10% 

18 
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INSTALL YOUR OWN SATELLITE SYSTEM 

SAVE $ $ $ $ 

WE CAN FURNISH COMPLETE 
SYSTEMS OR COMPONENTS 


QUALITY AUDIO AND VIDEO COMPONENTS AT 
DISCOUNT PRICES. CHOOSE FROM SUCH NAMES 
AS CHAPARRAL, DRAKE, DX, JVC, PANASONIC, 
ROHN, SANSUI, TRACKER, UNIDEN AND OTHERS. 


CALL OR WRITE FOR 
FREE CATALOG 
OR QUOTE 


Volunteer Electronics 

Radio/hack DEALER 

210 22ND AVENUE 
P O BOX 825 
HUMBOLDT, TN 38343 
(901 >784-3933 



-AND RENEW- 

TOLL-FREE 


ham m 

radio 


□ MASTERCARD 

□ VISA 

Please have your charge card ready 


DATATEL800" 

800 - 341-1522 


1 YR - S22.95 2YRS - S38.95 

3 YRS - S49.95 Weekdays 8 AM - 9 PM EST • Saturdays 9 AM - 5 PM EST 

Prices U.S. only IN MAINE CALL COLLECT (207) 236-2896 

OUR 800 NUMBER IS FOR SUBSCRIPTION ORDERS ONL Y! 


For Errors or Change of Address CALL ham radio direct at (603) 878-1441 8-5 EST 
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extending receive coverage 

for the IC-02 and IC-04 


Simple, reversible 
modifications 
let you monitor 
public service 
frequencies 

The ICOM IC-02 (2 meters) and IC-04 (70 cm) 
handhelds are a natural step up from the earlier IC-2 
and IC-4. Microprocessor controlled, these newer 
models feature a liquid crystal display, an S-meter, a 
built-in CTCSS (continuous tone-coded squelch sys¬ 
tem), and scanning capability, all in a water-resistant 
package that accepts accessories designed for the IC-2 
series. 

The United States version of the IC-02 transceives 
from 140 to 149.995 MHz; the IC-04 will transceive on 
the upper 10 MHz of the 70-cm band from 440 to 
449.995 MHz. With the simple modifications described 
in this article, the IC-02 can be adapted to receive from 
140 to approximately 163 MHz; the IC-04 can be modi¬ 
fied to receive up to about 465 MHz. Transmit capa¬ 
bility is unaffected, and any frequency entered will be 
properly stored in memory. Because this isn't a per¬ 
manent modification, each rig can easily be returned 
to its original state. 

Extending the receive capability of either unit will 
let you listen to the public service frequencies (police, 
fire, and radiotelephone, for example) located just 
above the 2-meter and 70-cm bands. Modifying the 
IC-02 also permits reception of National Weather Serv¬ 
ice broadcasts at 162.40, 162.475, or 162.55 MHz in 
most metropolitan areas. Receive sensitivity for fre¬ 
quencies this far removed from the 2-meter band is 
reduced, but should be adequate for most applica¬ 
tions. 


the microprocessor 

The IC-02 and the IC-04 are each controlled by a 
Hitachi HD44795 80-pin microprocessor which oper¬ 
ates the display, keyboard, and frequency synthesizer. 
The processor operating environment is determined 
by an initialization matrix (figs. 1 and 2) consisting of 
four output and four input lines connected to each 
other in a specific pattern with isolating diodes. This 
pattern determines processor reset frequency, upper 
and lower band limits, step size, method of frequency 
entry from the keyboard, and other functions. The 
modification procedure described here changes the 
initialization matrix to remove the receive frequency 
limits as determined by the microprocessor. Receiver 
coverage, however, is still limited by the tuning range 
of the synthesizer VCO and by receiver sensitivity. 

disassembling the units 

Before you start, make sure you have a soldering 
iron with a very fine tip; you'll be working with 
extremely small components. [If you've never worked 
with such small components, in such tightly confined 
space, you may want to practice first. — Ed.] 

Begin by disassembling the battery pack and 
antenna from the transceiver. Then remove the bat¬ 
tery mounting plate and locking lever assembly. 
Unfasten the five screws holding the metal back cover 
to the rig and take off the cover, using care not to 
damage the "O" rings that seal the back cover to the 
rest of the case. (On the IC-04 only: remove the large 
metal shield covering the PLL circuitry.) Now sepa¬ 
rate the chassis and top section and place them next 
to the front case; note the ribbon cable connecting 
the chassis to the front section. Undo the two screws 
on the DTMF/CTCSS board and set the board off to 
the other side of the front case (02AT/04AT only). The 
unit is now ready for modification. 

By Robert K. Morrow, Jr., WB6GTM, RR 1, 

Box 6F, Flora, Indiana 46929 
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initialization matrix 

The microprocessor board is identical in the 1C 02 
and 1C 04 except for the diodes attached to the initiali¬ 
zation matrix area located at the top left corner of the 
board (fig. 3). We'll be working with the portion of 
the matrix connecting microprocessor lines R10-R13 
to R20 and R21. 

ICOM uses very small three-pin chip diodes type 
A3, D3, or E3 (indicated on the diode itself) to pro- 
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Fig. 3. Initialization diodes can be located at positions 01 D4, 
which are found at the top left corner of the microprocessor cir 
cuit board. The factory diodes are surface mounted on the tri¬ 
angular pads at D2and D3forthe IC 02, and at D1 and D2 for the 
1C 04. The 1C 02 is modified by simply removing the diode at 
position 02. To modify the 1C 04. remove the diode at position 
D2 and replace it with a 1N914 type connected from the top pad 
(anodel to the lower right pad (cathode). 




fig. 5. The 1C 02 is shown completely reassembled except for 
the back panel. The test clip is connected to the VCO test 
point, which is the only vertically mounted resistor in the area 
with a bare upper lead. The arrow on the VCO shield points 
to the coil which should be adjusted for 0.75 VDC at the test 
point. 
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gram the initialization matrix; in this way component 
count and size are minimized (fig. 4). Do not confuse 
diode types with their locations, (D1. D2, D3, D4) 
printed directly on the microprocessor circuit board. 
These locations are labeled D401, D402, D403, and 
D404 on the ICOM schematic, but only for the diodes 
which are actually present. 

IC-02 modification 

The 1C 02 is factory-wired with a type D3 diode at 
position D2 and a type E3 diode at position D3. The 
diode at position D2 restricts the receiver to the 140 
151.995 MHz range. Remove this diode with care. 

Now reassemble the IC-02, but leave the back cover 
off. Connect a high impedance voltmeter to the VCO 
test point shown in fig. 5, attach the battery pack, 
and turn on the rig. Select 144.0 MHz from the key¬ 
board.* 

Adjust the coil in the VCO shield (lower hole) for 
a reading of 0.75 VDC. Be sure to use a properly fit 
ting plastic alignment tool (or try whittling down a 
standard one with a razor blade). This alignment 
procedure maximizes the receive frequency range by 
setting the VCO near its lower voltage limit at the 
lowest transceive frequency desired. The receiver will 
now operate from slightly below 140 MHz to slightly 
above 163 MHz, and the transmitter will generate a 
clean signal throughout the 2-meter band. Figure 6 
shows receiver sensitivity for the entire VCO range. 
Now reinstall the back cover. 

IC-04 modification 

The IC-04 is factory-wired with a type E3 diode at 
position D1 and a type A3 diode at position D2. Care¬ 
fully remove the diode at position D2 and replace it 
with a 1N914-type silicon diode connected from the 
top pad at D2 (anode) to the bottom right pad at D2 
(cathode). This removes the receive limit portion of 
the matrix but still initializes the processor at 440 MHz. 



fig. 7. The 1C 04 is shown completely reassembled except for 
the back panel and shield, and the metal tape has been 
removed from the VCO can The test clip is connected to the 
VCO test point which, like the 1C 02, is the only vertically 
mounted resistor in the area with a bare upper lead. The arrow 
on the VCO shield points to the variable capacitor which 
should be adjusted for 0.25 VOC at the test point. 



Now reassemble the IC-04 except for the installa¬ 
tion of the PLL shield and back cover. Carefully peel 
away the metal tape covering the VCO shield. Con¬ 
nect a high impedance voltmeter to the VCO test point 
shown in fig. 7. Attach battery pack, turn on the rig, and 
select 440.0 MHz from the keyboard.' * 

Adjust the capacitor through the lower right hole 
in the VCO shield for a reading of 0.25 VDC. This sets 
the VCO at its lower limit to maximize receiver cover- 

• This modification is for units with serial numbers below 34,000 Units with serial 
numbers above 34.000 have a new CPU with different programming, diode 
matrix is also different Ed. 

•*lf the display should power up in the wrong 10 MH/band segment, follow 
the procedure under "operation" to put the rig in the proper 10 MH/ segment, 
or press reset button on main chassis 
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age above the 70-cm band. Note that this voltage is 
lower than the voltage for the IC-02; this is because 
of a smaller negative VCO shift in the IC-04 when 
transmitting. The IC-04 receiver will now operate from 
slightly below 440 MHz to slightly above 466 MHz, and 
the transmitter will operate cleanly throughout the 
upper half of the 70-cm band. (Figure 8 shows 
receiver sensitivity for the entire VCO range.) Now 
reinstall the VCO metal tape, PLL shield, and back 
cover. 

operation 

With the modification completed, normal trans¬ 
mit/receive capability of the IC-02 and IC-04 is 
unaffected. Within a particular 10-MHz band segment, 
the frequency may be selected by direct keyboard 
entry or by using the step-up or step-down keys. To 
change to a different 10-MHz segment, use the step- 
up or step-down keys after entering the highest or 
lowest frequency within the present band segment. 
Any frequency entered will store properly in memory. 
If you select a receive frequency outside the VCO limits 
the PLL will unlock; no indication of this condition will 
be given on the display. However, if you push the 
transmit switch with an unlocked PLL, the display will 
blink. 

conclusion 

This simple modification increases the versatility of 
the IC-02/04 without affecting normal operation. 

Incidentally, the display and microprocessor will 
support initialization to the 23-cm (1260-1300 MHz) 
band. Is this an indication of things to come? 

I'll be happy to answer any questions; please 
enclose an SASE for a prompt reply. 

ham radio 
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microwave and 
millimeter-wave 
propagation: 
part 1 

Summer is traditionally the time 
when Amateurs take to the higher 
bands (and to the hills) for mountain¬ 
topping; the weather is agreeable, and 
the pioneering spirit is spurred on by 
several major VHF/UHF contests. 

Regardless of season, the frequen¬ 
cies above 900 MHz are still the region 
of exploration and discovery. This is 
true because, in comparison with the 
HF/VHF frequencies, so little Amateur 
work has been conducted there. Until 
recently, equipment was scarce and 
anyone interested in exploring micro- 
wave frequencies had to "roll their 
own" equipment. 

But this is is changing rapidly. Com¬ 
mercial gear is now available through 
13 cm (2320 MHz), as are Amateur 
Gunnplexers for the 3-cm (10-GHz) 
and 12.5-mm (24-GHz) bands. 1 One 
equipment manufacturer is rumored to 
have 3-cm weak signal gear almost 
ready for market! 

Although much has been written on 
VHF and UHF propagation, informa¬ 
tion on microwave and millimeter 
propagation is scattered hither and 
yon. 23 With all the interest in the 
microwave bands, the addition of our 
newest band at 33 cm (902-928 MHz) 4 
and the increased availability of micro- 
wave gear, this seems like a good time 
to start pushing these bands and 
promoting propagation research. 

our microwave bands 

Before we can talk about our micro¬ 


wave and millimeter bands we have to 
know what frequencies are available. 
I guess it's fair to say that — in Ama¬ 
teur terminology — the frequencies 
between 900 and 10,500 MHz are 
probably best referred to as the micro- 
wave bands while the Amateur fre¬ 
quencies above 10.5 GHz are really in 
the millimeter territory. 

The major worldwide Amateur fre¬ 
quency allocations on and above 33 
cm were listed in last January's 
column. 5 Since that time, the FCC has 
implemented the WARC 79 frequen¬ 
cies and changed the United States 
frequency allocations significantly. 
Therefore, I've updated last winter's 
list, (table 1), to show the latest USA 
frequency allocations. (I don't have 
any post-WARC 79 worldwide fre¬ 
quency allocation lists to compare it to 
at this time; I'd appreciate it if readers 
would share some with me.) 

challenges 

Once microwave and millimeter gear 
is constructed or purchased, there's al¬ 
ways the question of what to do with 
it. Obviously it can be used in a varie¬ 
ty of ways such as communications 
links, ATV, repeaters, or beacons. 
However, the real challenge is to see 
what performance can be attained 
primarily by DXing. This will truly ex¬ 
ercise power, receiver sensitivity, and 
antenna gain to their fullest. 

To show the whole perspective of 
the possibilities of DX on the micro- 
wave and millimeter bands, I've updat¬ 
ed the records first shown here in last 
July's column. 3 Tables 2 and 3 show 
the worldwide claimed DX records for 
terrestrial and EME operation. Note 


that the 13-cm band is still the upper 
frequency for a completed EME QSO. 

In keeping with the spirit of region¬ 
al DX, the North American DX records 
have also been updated in table 4. 
You'll note that since these records 
were first published, several have been 
broken. 

Because the 33-cm band didn't even 
exist last summer, the DX record on 
that band can't begin to compare with 
the adjacent bands. I expect this, too, 
will rapidly change. Nevertheless, it 
offers a big challenge to see what kind 
of propagation is in store. 

Amateur 33-cm gear is already com¬ 
mercially available, though it's primar¬ 
ily limited to the FM citizens-band 
type. Information on homebrew gear 
was recently published in this column 4 ; 
commercial weak-signal gear is, as I in¬ 
dicated above, reportedly just around 
the corner. Because of the 33-cm 
band's proximity to the land mobile 
communications band, suitable com¬ 
ponents — especially high-power 
transmitting tubes — should become 
available; far more equipment, certain¬ 
ly, than can be expected to be avail¬ 
able for the 23-cm band. 

microwave and millimeter 
tradeoffs 

These bands offer many advantages 
over the VHF/UHF bands. First, 
there's over 13,000 Megahertz — not 
counting the unlimited territory above 
300 GHz. This is more than 275 times 
the bandwidth of all of the dozen 
lower-frequency bands combined! 
How long do you think it will be be¬ 
fore microwave and millimeter wave 
QRM will be a problem? 

These bands have very little noise 
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and static. Except for a small poten¬ 
tial for VCRI around 915 MHz, TVI and 
RFI are virtually nonexistent. Very 
compact antennas are the norm, with 
a 1-meter diameter dish considered a 
moderate to large antenna, especially 
on 3 cm and above. 

Loop Yagis are often used on the 
lower microwave bands. Parabolic 
dishes are the most common antenna 
type as the frequency increases be¬ 
cause they're usually inexpensive, easy 
to feed, low in noise pickup, and have 
high gain. 6 ' 7 As a result, QRP opera¬ 
tion (often much less than 1 watt) can 
be very productive. 


There are a few disadvantages, 
however, to operating on the micro- 
wave and millimeter wave bands. The 
higher antenna gain makes precise aim 
a serious concern. For example, a 
1-meter parabolic dish antenna at 12 
mm (24 GHz) has a 45-dBi gain and a 
beamwidth of only 1 degree! 

Other problems are associated with 
operating above the UHF bands. Solid- 
state RF power generation is in the 
early developmental stages. Feedline 
losses are considerable, propagation 
modes are somewhat limited, and foli¬ 
age attenuation and water vapor can 
also present difficulties. 


There is hope, however. Solid-state 
RF power is rapidly increasing, with 
power GaAs FETs (up to several watts) 
now in commercial production. Short 
feedlines are the norm, with transmit¬ 
ters and receivers often mounted right 
at or only a short distance away from 
the antenna feed. And many of the ap¬ 
parent propagation problems can be 
solved, as we'll see shortly. 

microwave propagation 

The types of propagation modes 
available on the microwave and mil¬ 
limeter wave bands are more limited 
than on the VHF/UHF bands. Some 
of the lower- frequency propagation 
modes such as meteor scatter, sporad¬ 
ic E, F2, TE, and FAI, for example, are 
not usable. 23 Other exciting scatter 
propagation modes are available, how¬ 
ever, that may be either poor or sim¬ 
ply not feasible on the VHF/UHF 
bands. 

The most common microwave prop¬ 
agation modes are line-of-sight (LOS), 
tropospheric bending, tropospheric 
ducting, and EME. Less used but read¬ 
ily accessible are various scatter modes 
using the troposphere, weather-related 
phenomena such as lightning and rain 
scatter, aurora, and both man-made 
and natural objects. 

Because describing the various 
microwave and millimeter wave propa¬ 
gation modes and how they can best 
be exploited would take considerable 
space, only LOS microwave and mil¬ 
limeter-wave propagation will be dis¬ 
cussed this month. The other modes 
will be discussed in detail in next 
month's column. 

line-of-sight propagation 

The most common mode of propa¬ 
gation on the microwave and mil¬ 
limeter wave frequencies is probably 
LOS, for apparently obvious reasons. 
If two stations' antennas can see each 
other without intermediate obstruc¬ 
tions, it is assumed that communica¬ 
tion is possible. 

This does, however, assume sever¬ 
al things. First, there must be sufficient 
transmitter power and receiver sensi¬ 
tivity for communication to take place. 


Table 1: This table lists the latest USA frequency allocations for Amateur microwave 
and millimeter wave bands. Many of the listings were recently changed, as indicated 
in the notes. 


Band 

Frequencies 

Notes 

33 cm 

902-928 MHz 

Restrictions in CO, WY, White Sands, NM & 
Region III areas. Available as of Sept. 28, 1985. 

23 cm 

1240-1300 MHz 

1215-1240 MHz removed on March 1, 1986. 

13 cm 

2300-2310, 

2390-2450 MHz 

2310-2390 MHz removed on November 6, 1984. 

9 cm 

3300-3500 MHz 


6 cm 

5650-5925 MHz 


3 cm 

10-10.5 GHz 


12 mm 

24-24.25 GHz 


6 mm 

47-47.2 GHz 

48-50 GHz removed on March 1, 1986. 

4 mm 

76-81 GHz 

71-75.5 GHz removed on March 1, 1986. 

3 mm 

119.98-120.02 GHz 

New assignment on March 1, 1986. 

2 mm 

142-149 GHz 

165-170 GHz removed on March 1, 1986. 

1 mm 

300 GHz & up 

240-250 GHz removed on March 1, 1986. 


Table 2: This table shows the latest claimed worldwide microwave and millimeter wave 
terrestrial DX records. 


Frequency 

Record Holder 

Date of QSO 

Prop. Mode 

DX Miles(km) 

903 MHz 

AF1T-WB1FKF 

1-13 86 

Tropo 

53(85) 

1296 MHz 

KH6HME-N6CA 

6-24-86 

Tropo duct 

2472(39771 

2.3 GHz 

VK5QR VK6WG/P 

2 17 78 

Tropo duct 

1170(1883) 

3 4 GHz 

VK5QR VK6WG 

1-25-86 

ducting 

1171(1884) 

5.7 GHz 

G3ZEZ-SM6HYG 

7-12-83 

ducting 

610(981) 

10 GHz 

I0SNY/EA9- 

I0YLI/IE9 

7-08-83 

ducting 

1032(1660) 

24 GHz 

I3SOY/3, 

IW3EHQ/3- 

14BER/6, 

I4CHY/6 

425-83 

LOS 

180(289) 

47 GHz 

HB9AMH/P 

HB9MIN/P 

6-11-84 

LOS 

33(53) 

474 THz 

1 

K6MEP-WA6EJO 

6-09-79 

LOS 

15124) 
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Table 3: This table shows the latest claimed worldwide microwave EME DX records. 


Frequency 

Record Holder 

Date of QSO 

Prop. Mode 

DX Miles(km) 

903 MHz 

None reported. 




1296 MHz 

PA0SSB-ZL3AAD 

6-13-83 

EME 

11595(18656) 

2304 MHz 

PA0SSB-W6YFK 

4-05-81 

EME 

5491 (8836) 

3300 MHz 
and above 

none reported. 





Table 4: This table shows the latest claimed North American microwave and millimeter 
wave DX records listed by suspected propagation modes. Note that most of these 
records are far short of the worldwide claims and therefore offer a great challenge 
to North American Amateurs. (Note: the records are listed alphabetically by propaga¬ 
tion mode. Where the path is mostly over water, ducting is suspected. No efforts are 
made to separate out ducting on overland paths, so it's grouped under tropo.) 


Frequency 

Record Holder 

Date 

Prop.Mode 

DX Miles(km) 

903 MHz 

AF1T.WB1FKF 

1-13-86 

Tropo 

53 

(85) 

1296 MHz 

KH6HME-N6CA 

6-24-84 

Ducting 

2472 

(3977) 


K2UYH-VK5MC 

12-06-81 

EME 

10,562(16,995) 


W4WSR-WA5TKU 

6-03-85 

Tropo 

1112 

(1790) 

2.3 GHz 

PA0SSB-W6YFK 

4-05-81 

EME 

5491 

(8836) 


W40DW-WB5LUA 

2 20-86 

Tropo 

624 

(1003) 

3.4 GHz 

K6HIJ/6-W6IFE/6 

6-18-70 

LOS 

214 

(344) 

5.6 GHz 

K5FUD-K5PJR 

9-20-77 

Tropo 

267 

(430) 

10 GHz 

WA4GHK/4-WD4NGG 

8-07-84 

Ducting 

297 

(478) 


W7JIP/7-W7LHL/7 

7-31 60 

LOS 

265 

(426) 

24 GHz 

KX0O/0, W0MXY/0 
NK0P/0, WA0VSL/0 

8-24-85 

LOS 

74 

(119) 

48 GHz 

50-300 GHz 

W2SZ/1-WA2AAU/1 
None reported. 

9-08-84 

LOS 

0.3 

(0.5) 

474 THz 

K6MEP-WA6EJO 

6-09-79 

LOS 

15 

(24) 


Second, the gain of the antenna at 
both ends of the path must be suffi¬ 
cient. And third, the weather must be 
cooperative. (More on this next 
month.) 

But what is sufficient power, sensi¬ 
tivity, and antenna gain? These 
parameters are all interrelated. If suffi¬ 
cient RF power — say 100 to 1500 
watts — is available, the effective radi¬ 
ated power, even from a low-gain an¬ 
tenna (less than 10 dBi) will be high. 

Conversely, if transmitter power is 
low, even in the milliwatt range, com¬ 
munication is also possible, providing 
that the gain of the antennas at both 
ends of the path is sufficient and that 
the receiver has sufficient sensitivity. 
These tradeoffs will be addressed in a 
future column. This month's column 
will be limited to a discussion of “path 
loss," the apparent number of dBs of 
attenuation that a transmitted signal 
will incur between two isotropic anten¬ 
nas. This is the standard method used 
in the communications industry to de¬ 
termine whether there will be a high 
probability that communciations is 
possible between two stations. 

path loss 

What is path loss and how is it 
determined? We all know that as you 
go higher in frequency, losses become 
more critical. We also hear that the 
path losses increase. Yet at the same 
time, we hear about tremendous DX 
accomplishments on the microwave 
frequencies, using low power and rela¬ 
tively small antennas. How can this 
be? 

The main reason for this is the 
"wavelength factor." As you go higher 
in frequency, the size of a half¬ 
wavelength dipole antenna becomes 
smaller. Therefore its "capture area" 
becomes smaller 8 and it consequently 
picks up less RF. For example, the "ef¬ 
fective aperture" of a half-wavelength 
dipole is approximately 0.75 by 0.25 
wavelengths. 8 At 33 cm this represents 
a capture area of about 32 square 
inches (0.21 square meters). However, 
at 3 cm (10 GHz) the effective aperture 
is still 0.1875 square wavelengths, 8 but 
because of the shorter wavelength, the 


capture area is reduced to 0.2612 square 
inches (0.00017 square meters), a 
reduction of over 120 times. 

It's said that the answer to this 
dilemma is simple: just increase the 
capture area of the antenna commen- 
surately and you'll gain back what you 
lost because of the wavelength factor. 
This is only partially true. Antenna gain 
is usually a two-way street, receiving 
and transmitting (if the same antenna 
is used for both). Hence, if the anten¬ 
na size is increased to offset the cap¬ 
ture area loss, you gain considerable 
advantage, depending on frequency. 

Herein lies the secret of successful 
use of low power on the microwave 
and millimeter frequencies. If the an¬ 
tenna gains is increased sufficiently, 
the overall signal-to-noise ratio can 
actually increase for the same trans¬ 
mitter power and receiver sensitivity. 

How is the path loss determined? 


There are straightforward formulas for 
this. The most common one is: 

Path loss = 37.6 + 20logF+ 20logR (eq 1) 

where path loss is in dB referenced to 
an isotropic radiator (2.15 dB less gain 
than a dipole), F is frequency in MHz, 
and R is range in miles. 

If you prefer to work in kilometers, 
the formula can be modified as fol¬ 
lows: 

Path loss = 33.6 + 20 logF+ 20 log R (eq 2) 

where path loss is in dB referenced to 
an isotropic radiator, F is frequency in 
MHz, and R is range in kilometers. 

For example, the path loss for 10 
miles is approximately 116.7 dB at 903 
MHz and 137.6 dB at 10 GHz. If the 
range is increased to 20 miles, the path 
loss is 122.7 and 143.6 dB, respective¬ 
ly. You'll note that every time the fre- 
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quency or range is doubled, the path 
loss increases by 6 dB. 

Calculations of path loss are often 
computer-aided. 9 For those not so in¬ 
clined, I've prepared fig. 1, which 
shows at a glance the path loss on 
each of the microwave and lower mil¬ 
limeter Amateur bands. 

summary 

This month's column served as an 
introduction to radio propagation on 
the microwave and millimeter wave 
Amateur bands. FCC frequency allo¬ 
cations and DX records were also 
shown. The latter will quickly reveal 
the challenges available to the adven¬ 
turesome Amateur. 

Time and space allowed us to inves¬ 
tigate only line-of-sight propagation, 
presently the most common use of 
these bands. Next month's column will 
explore the other modes of propaga¬ 
tion, with particular emphasis on those 
useful for DXing. A review of refer¬ 
ences 2 and 3 is strongly recom¬ 
mended. 


references 

1. Joe Reisert, W1JR, "VHF/UHF World: VHF/UHF 
Exciters," ham radio, April, 1984, page 84. 

2. Joe Reisert, W1JR, "VHF/UHF World: The 
VHF/UHF Primer — An Introduction to Propagation," 
ham radio, July, 1984, page 14. 

3. Joe Reisert, W1JR, "VHF/UHF World; Propagation 
Update," ham radio, July, 1985, page 86. 

4. Joe Reisert, W1JR, "VHF/UHF World: 33 cm - 
Our Newest Band," ham radio, April, 1986, page 83. 

5. Joe Reisert, W1JR, "VHF/UHF World; Amateur 
Microwave Bands," ham radio, January, 1986, page 
44. 

6. Joe Reisert, W1JR, "VHF/UHF World: Reflector 
Antennas — Part 1," ham radio, February, 1986, page 
51. 

7. Joe Reisert, W1JR, "VHF/UHF World: Reflector 
Antennas — Part 2," ham radio, March, 1986, page 68. 


Important VHF/UHF Events 


July 2: 

July 18-20: 
July 19: 
July 20: 

July 25-27: 


July 29: 


±2 weeks. Look for European 
openings on 6 meters. 

CQ VHF WPX contest. 

EME perigee 

Look for 2-meter sporadic E 
±2 weeks of this date. 

Central States VHF Confer¬ 
ence, St. Louis, MO (contact 
N0iS). 

Predicted peak of the Delta 
Aquarids meteor shower at 
0930 UTC. 


August 2-3: ARRL UHF Contest. 


August 12: Predicted peak of the Perseids 

meteor shower at 0700 UTC. 
August 16: EME perigee 
August 28-31: Microwave Update 1986 Con¬ 
ference, Estes Park, CO (con¬ 
tact W0PWI. 

ham radio 


short circuits 

meteor shower program 

In a footnote to WIJR's June 
column, "VHF/UHF World: Meteor 
Scatter Communications" (page 68), 
the address of Gary Field, WA1GRC, 
was shown incorrectly. Gary's correct 
address is 5 Pluff Avenue, North Read¬ 
ing, Massachusetts 01864. 

solving transmission 
line problems on the 
C-64 

Gary Myers, K9CZB, author of 
"Solving Transmission Line Problems 
on the Commodore 64" (May, 1986, 
page 74), recently learned that some 
of the older C64s have an operating 
system that doesn't poke the graphic 
symbol in lines 180-240 properly. On 
these machines, the arrow symbol is 
generated in the same color as the 
background, thus rendering it invisible. 
This won't affect the program's oper¬ 
ation, but there will be no visual con¬ 
firmation that the desired key was 
pressed. 

Gary reports that WB9PGO has de¬ 
vised a program modification that will 
make the symbol visible on these 
machines. Those who don't see the 
graphic arrow after selecting the trans¬ 
mission line type should change line 
20 to read as follows: 

20 

POKE53281,14:PRINTCHR$(147): 

POKE53281.6 

and change the last statement in line 
670, which currently reads GOTO70, 
to GOTO20. 

credit where it's due 

Credit lines were inadvertently omit¬ 
ted from the art in Walter Kunde's 
June article, "Direct Currents Reduce 
Core Permeability” (page 58). All 
figures appeared courtesy of Magnet¬ 
ics, Inc., P.O. Box 391, Butler, Penn¬ 
sylvania 16003. 
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a tone burst generator 

for European repeaters 


Use 7168 kHz crystals, 
divided down output 
for 1750 Hz output 


Before a recent trip to Europe, I received licenses 
to operate and decided to take my ICOM 2AT along 
with me. While searching through Radio Communi¬ 
cation and other journals to find information on repeat¬ 
ers, I noticed that most European repeaters must be 
brought up with a 1750 Hz tone. Obviously my 2AT 
could not do this. 

Looking through the ads, I noticed that ICOM makes 
a European version of the 2AT called the ICOM 2E. 
Besides offering coverage from 144 to 145 MHz only, 
this model appeared to employ either a switch- 
operated 1750 Hz tone or a 1750 burst at the begin¬ 
ning of each transmission. A phone call to ICOM con¬ 
firmed this. I considered converting my 2AT to a 2E 
... but the touchtone pad on the 2AT is located where 
the burst components would have to be and uses 
several tracks on the circuit board for different func¬ 
tions. In addition, the tone switch on the 2AT is a 
push-button switch activated by pushing the volume 
control; one look into the possibility of removing that 
control eliminated that idea. I concluded that while 
conversion would be possible, it wouldn't be reasona¬ 
ble to make the conversion, use the unit abroad, and 
then reconvert it when I returned home. 

My initial thought was to use a 555 timer. But I 
wasn't sure it would survive the trip and still make the 
25 Hz frequency tolerance required. Without test 
equipment, I would be unable to make any repairs 
while in Europe. 

The ICOM service manual for the 2AT showed that 
the tone burst circutry consisted of a single integrat¬ 
ed circuit, a crystal, and several discrete components. 
The integrated circuit, which functions as an oscilla¬ 
tor/divider, was a TC5082 packaged in a 9-pin single- 
in-line package with an SK3733 indicated as its 
replacement. A quick phone call showed the device, 
also known as an ECG1197, was available locally for 



under $10.00. It contains a crystal oscillator and divide- 
by-256, 1024, 2048, and 4096 and is often used in CB 
radios as a reference oscillator for the PLL. 

The final circuit, shown in fig. 1 , is almost identical 
to the ICOM burst generator. A 7168-kHz crystal was 
used so the divide-by-4096 output would be 1750 Hz. 
The output was capacitively coupled to the external 
microphone jack of the 2AT. Since the 2AT requries 
DC continuity for transmit, the PTT bar on the side 
had to be pushed for transmit. 

Construction was on a small piece of 3-pad-per-hole 
board. The chip is CMOS, so standard CMOS handling 
procedures — i.e., using a grounded soldering iron, 
inserting the chip last, etc. — were used. The case, 
recycled from an old GE pager, had enough room for 
the circuit and a 9-volt battery. The press-to-silence 
switch already on the case was used to activate the 
burst. A short audio cable coupled the two units. 

Tuneup was easy. I just asked a friend to listen to 
my simplex signal and report on its loudness. I adjusted 
the pot until the level was approximately the same as 
my voice or the touchtone pad. 

Coupling to another rig should be simple. Since 
most HTs have external microphone jacks, that should 
be the way to go. One could build an adapter to ena¬ 
ble this unit and the external microphone to be used 
simultaneously. 

ham radio 

By Ladimer S. IMagurney, WA3EEC, 73 Black¬ 
berry Lane, Amherst, Massachusetts 01002 
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Garth stonehocker, koryw 


Figure 1 provides a graphic repre¬ 
sentation of the effects of the Febru¬ 
ary 1986 ionospheric disturbance. The 
top curve (fig.lA) is the percentage 
change in foF 2 ; the middle curve (fig. 
IB) is the solar flux value; the lower 
curve (fig. 1C) is the geomagnetic A 
index for each day during February. By 
looking at each day individually and 
then reading across the days, one can 
see the storm variation. To see how 
the storm actually developed from 
February 5th to the 10th, see table 1, 


Table 1. Percentage of MUF change and 
associated with 2-hour period. 

geomagnetic 

K figure (in 

parentheses) 

Date 

1300 UT 

1500 

1700 

1900 

2100 

5 

5.9(1) 

0.0(1) 

6.3(2) 

0.0(2) 

0.0(2) 

6 

9.8(1)SC 1313 

5.3(3) 

7.9(3) 

22.6(2) 

5.1(3) 

7 SC 0500 

3.9(5) 

-8.8(5) 

7.9(6) 

11.4(6) 

-11.9(7) 

8 

- 19.6(7) 

-38.6(8) 

-20.6(8) 

-32.3(9) 

-25.7(9) 

9 

-19.6(4) 

-5.3(4) 

-15.9(5) 

-6.5(5) 

3.4(3) 

10 

-11.8(1) 

-8.8(1) 

-14.3(1) 

-8.1(3) 

-5.1(3) 

Median foF2 

5.1 

5.7 

6.3 

6.2 

5.9 


a geomagnetic- 

ionospheric 

disturbance 

Because the full effects of solar 
flares and storms will be upon us again 
in a year or so, a brief review of the 
solar flare-to-ionospheric storm se¬ 
quence may be beneficial, particularly 
for those who've joined the DXing 
ranks since 1982. 

Several years have passed since the 
sun has been active enough to cause 
concern over the weak signals result¬ 
ing from geomagnetic-ionosopheric 
disturbances in any great number or in¬ 
tensity. Although one or two distur¬ 
bances a year have been of the 
geomagnetic-ionospheric variety, most 
of those we've experienced during the 
last four years have been mild solar 
wind enhancements. However, single 
events — such as that witnessed from 
the 5th through the 10th of February, 
1986 — do occur unexpectedly. 

When a sunspot region flares or 
brightens, ultraviolet and x-rays cause 
increased ionization in the D and E 
regions of the ionosphere. Signals are 
immediately weakened on the daylight 
side of the earth. This sudden iono¬ 
spheric disturbance lasts about an 
hour. With the eruption of the flare, 
many solar particles (protons and elec¬ 
trons) ejected into the solar wind start 
toward the earth along a spiral path to¬ 
ward the polar regions. The higher- 
energy protons arrive within approxi¬ 


mately one to five hours, causing po¬ 
lar cap absorption — even blackout — 
of signals crossing the top and bottom 
of the earth above 80 degrees latitude 
during each period of daylight for a 
couple of days. The more numerous, 
but slower, electrons arrive within 20 
to 30 hours; their arrival often causes 
a shock wave which suddenly begins 
to move the geomagnetic field around, 
then lasts for two to three days. This 
phenomenon is called SC, or "sudden 
commencement." The presence of 
many particles results in further 
weakening and level fluctuation of sig¬ 
nals as a result of movement in the 
auroral zone (70 to 80 degrees latitude). 

The ionospheric F region is affect¬ 
ed after the SC, first by an increase in 
maximum usable frequency (MUF) for 
a few hours over the transmission path 
that's in sunlight. Over the path that's 
in darkness, the MUF decreases from 
the auroral latitudes southward, de¬ 
pending upon the intensity of the 
storm. (See the MUF distribution ta¬ 
bles in the January and February, 
1986, columns.) 


which shows the percentage of 
foF2-MUF change, and in parenthesis 
the geomagnetic K figure associated 
with that 2-hour period. The median 
foF2 for that hour of the month is in¬ 
dicated in the bottom line of the table. 

The storm MUF decrease was prob¬ 
ably not as extreme as the geomagnet¬ 
ic field A and K figures indicate 
because the solar flux was high and 
the initial SC 1313 UT was coincident 
with sunrise, the foF2 rise of the day. 
A second SC was on the 7th at about 
0500 UT; the main decrease in 
foF2-MUF began about 1100 UT with 
the large K figures. The 8th, which was 
a Saturday, was particularly bad, as 
anyone trying to communicate over 
any significant distance will remember. 
Several days later MUFs returned to 
normal. Such is the morphology of a 
geomagnetic-ionospheric disturbance. 

last-minute forecast 

The higher frequency bands, 10 
through 20 meters, are expected to im¬ 
prove during the first week of the 
month. They should be best during the 
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FEBRUARY 

fig. 1. Pronounced effect of solar flare on: (A) MUF (percent¬ 
age change in MUF); (B) solar flux; and (C) geomagnetic field 
"A" index. 


second and third weeks, when the so¬ 
lar flux 27-day maximum is expected. 
Though still not very good, the lower 
bands will be best during the fourth 
and last weeks of the month. Distur¬ 
bances are more probable on the 3rd 
to the 4th, the 17th to the 18th, and 
on the 23rd through the 25th during 
the solar flux transition and minimum 
time periods. Lunar perigee (closest 
approach of the moon) is on the 19th, 
with a full moon occurring on the 28th. 
The Aquarids meteor shower begins 
July 18, peaks on the 28th, and lasts 
until August 7. The radio-echo rate at 
maximum is expected to be about 34 
per hour. 

band-by-band summary 

Six meters will have occasional 
openings to South Africa and South 
America around local noon via E s 
short skip. These can occur at any time 
of the month and favor a five-to-six 
day cycle. 

Ten and fifteen meters will have 
many short-skip openings near local 
noontime and long-skip, especially 
during any solar flux rise, to most 
southern areas of the world during 
daylight. No long-hop transequatorial 
openings are expected to occur at this 
time of the year. 

Twenty, thirty, and forty meters will 
have DX conditions from most areas 
of the world during the daytime and 
into the evening almost every day, ei¬ 
ther long-skip to 2500 miles per hop or 
short-skip E s to 1000-mile hops. The 
length of daylight is still near maxi¬ 
mum, providing many hours of high 
maximum usable frequencies for good 
DXing. 

Thirty, forty, eighty and one-sixty 
meters are all good for nighttime DX 
if you can beat the buildup of thunder¬ 
storm QRN in the evenings. Some en¬ 
hanced signal strength levels via 
short-skip E s may help overcome the 
noise. Some operators get up during 
the predawn hours, after the thunder¬ 
storms have dissipated, taking advan¬ 
tage of quieter conditions to the east. 
Time-and-frequency station MSF, in 
Rugby, England, can be used to mon¬ 
itor 2.5 and 5 MHz for band conditions. 
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during "normal" hours. 


*Look at next higher band for possible openings. hdlT) rddiO 
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SWL’s: Are You Plagued By 

Phantom Signals? 


*v 



Range MHz lone 

qHg.Vf_E-MINITUNERtun3 


Meet the Eliminator. 

Don’t let its small dimensions (4”x3”x2”) fool you—the Grove 
Minituner III is a big weapon against images, intermod and 
phantom signals on your shortwave receiver! 

This short wave/long wave pre-selector is designed to boost 
performance in the 100 kHz-30 MHz frequency range. If you 
own one of the popular general coverage communications 
receivers and are using an outside antenna, you NEED this extra 
measure of selectivity. 

No power required. Simply connect between your receiver 
and antenna. Equipped for standard PL-259 connections. Only 
$39 (free UPS shipping; *5 U.S. Mail/Parcel Post). Order TUN-3. 


A 


Grove Enterprises 

140 Dor Branch Road 
Brasstown. N.C. 28902 


MC, Visa or COL) call: 

1-800-438-8155 


Shop Grove for fantastic values in shortwave 
receivers, antennas, cable, performance 
boosting accessories and literature. 

Ca// (704) 837-9200 or write to above address (or tree catalog! 


133 cm. • 23 cm 

• 13 cm. 


B 


LOOP YAGIS AND AMPLIFIERS FROM 

DOWN EAST MICROWAVE 

TROPO • WEAK SIGNAL 

SMI . OSCAR MOOS L A MODE S 


• 1269 

• 1296 

• 2304 

• 2400 MH/ 

45 el 

loop Yagi 

1296 MHz 

204- dBi 

$85 

45 el 

loop Yagi 

1269 MH; 

20 4- dBi 

$85 

45 el 

looo Yagi 

2304 MH; 

20 4 dB. 

$75 

33 el 

loop Yagi 

902 MH; 

18 5 dB. 

$85 

nnas are assembled 

and tested 




All aluminum and stainless construction Kits also available 
Add $8 ($11 west ot Rockiest oei antenna tor UPS sapping 
2 4 4 way power didders, complete enay* available 
2316 PA l .near Amp 1w in 18w out 12% MH/ 13 5 V $245 
2335 PA Linear Amp lOw in 3Gw out 12% MH? 13 5 V $295 
include Sb lor UPS Blue 48 states 
Write about Higher Power 2304 linears. GaAs Fet preamps 
Free catalog 

DOWN EAST MICROWAVE 

Bill Otson. W3H0J 

Boi 1655A RF0 1. Burnham ME 04922 

(2071948 3741 ^ 1M 


Yo« HCKt> CURLYCODE bwcauaw It la: 

4 An Eacltla* NEW learning tifi* l Um • : 

• Cach to4t RHYTHM trovi an *unlor*• 11 ab la ” 
Uttar SNAPS In your ■U4‘a aya. 
a Sach aound ADOS to tba |io«U| Uttar ehapw. 
a So ail RHYTHMS that start tha aaoa way 
trow SHAPES that atart tha aaoa way. 
a You NEVER ehangw your alnJ about tha ahapa 
aa It trout In your alad'a aya. 
a Whan tha IHYTMK atope, tha INAPE atupa, and 
It IS tha Uttar, ao juat WRITE It' 

dfiritci for IECINNEM; Ha senavUee atudy - 
CUtLYCOOC a ha pa a ara SIMPLE aud MAIL SIHI. 
Know only CUNT ahapaa and yau know HALF of 
EVERYTH INC and MOST of tha LETTERS - 
Know only TWO naw ending* for aach ahapa and 
you will fc now vvetylhlnR' 

XT’S LIE* 'INSTANT COOK'! 

d Part »c( for EXPERTS: NO atrufglln* to braek 
your 'Uarnint plataau* - 

onco you know tha CURLYCODE ahapaa Chay 
trow la your olud’a aya at *any* apaad- 
So taka aoaa tin* to REALLY KNOW tha at*ht 
baalc CURLYCODE ahapaa at alow apaad to ba 
wall on your way to hraaklo* your plataau. 

IT’S LINE 'SUPERSONIC COOE'f 

t Hr* foi CLUN: Attrociiwo colorad wall chart- 
SAVE with a :0X d 1 actual on tao or ton aolot 

PR ICE i Coaplota art (Manual. Wall chart, 
Pockat card, SaRlnnai’a chart}: 111.So 

Monty bark (uarantaa. Phooa •/OJlMR-aOIR 

jlUR. Htnde aya Publication*. Dapt H-15 

Mini/5* lulu ii$-m 

• ll® U>0 eavorly Rd. ^ 139 

^ NcLoan, Va iilOl 



Get ★★★CONNECTED to Packet Radio 

by Jim Grubbs. K9KI 


JHHH The Packet Radio Handbook UHMillh l 

mm Over 150 pages of information exclusively on packet radio WMOrJ 

17 Chapters including: 

* Choosing a TNC * Packet protocol for the beginner * Packet Accessories 

* I low to make your first packet contact * Packet Bulletin Board Operations 
$12.95 plus $2.50 for first class shipping and handling in U.S. and Canada. 

Also available The Commodore Ham's Companion $15.95 

(see January ‘86 QST page 47 or February ‘86 CQ page 68) l^LTY 

and Command Post $9.95. 62708 


1986 Summer Radio 
Amateur Call Book 
Supplement 

$9.95 + $3.50 shipping 

Send SI 3.45 to: 


Ham Radio’s Bookstore 

Greenville, N. H. 03048 


94 Ef3 July 1986 


Tell 'em you saw it in HAM RADIO! 



















THE FIRST NAME IN 
ELECTRONIC TEST GEAR 


ACCESSORIES FOR RAMSEY COUNTERS 


Teleicopic whip antenna—BNC plug S 8 95 
High impedance probe, light loading . 16.95 

Low pass probe, audio use. 16.95 

Oirect probe, general purpose use. 13.95 

Tilt ball, tor CT-70,90,125 . 3.95 


TELEX 466735 RAMSEY Cl 


& I & e Unsurpassed quality at an 

^ P r. unbeatable price, the 

JH| 1 | Q 1 5P Ramsey oscilloscope corn¬ 
el ^ ^ - pares to others costing 

^B J hundreds more Features 

1 C&A> % - w include a component test 

1 “a 5 - mg circuit for resistor. 

capacitor, digital circuit and diode testing • TV video sync filter • wide hand 
width & high sensitivity • internal graticule • front panel trace rotator • Z axis 
• high sensitivity x-y mode • regulated power supply • built-in calibrator • 
rock solid triggering tOCAQS quality *°<* on 

Was *399.95 NOW ONLY^OOsj” prob** include 


Save *30 on the 
RAMSEY 20MHz 
Dual Trace 
Oscilloscope 


NEW RAMSEY 
1200 V0M 
MULTITESTER 

Check transistors, diodes and LEDs 
with this professional quality meter 
Other features include decibel scale * 
20K volt metering system • 3 .' mir 
rored scale • polarity switch • 20 
measuring ranges • safety probes • 
high impact plastic case 
$ 4 Q Q 5 test '•*<!» ana 

I 9 battery included 


RAMSEY D-4100 
COMPACT 
DIGITAL 
MULTITESTER 

Compact sored reliability and accuracy 
This LCD digital multitester easily fits m 
your pocket, you can take it anywhere 
It features full overload protection • 3'-; 
digit LCD readout • recessed input 
lacks • safety probes • diode check 
function • 2000 hours battery life 

50095 test teed* and 

A battery included 


MINI KITS—EASY TO ASSEMBLE, FUN TO USE 
BEGINNERS & PROS WILL HAVE A GREAT 
TIME WITH THESE KITS 


FM 

MINI 

MIKE 


A super r>Hj»i performance r M wife 
leu make kit* Transmit* a t table 
Signal up lo 300 yards with flacep 
tional audio qualify by mean# of its 
built in alectrel mike Kil includes 
case mike.on-offswitch antenna 
battery and ujper instructions This 
is tfn* finest unit available 
FM3K.I H4 95 

FM 1 Wired and Tested 19 95 


I M Wirwau Mike Kit LI 

liny? 

any FM broadcast »« 
dm uses any type • ' 
nnko Runs on 3 lo 9V Type FM ? 
has addnd sensitive mike preamp 
nape 

FM t Kil S3 95 FM*? Nil *4 95 


Universal Timer Kil 

hr ovules the have pads and F*C 
board required lo prondc a source 
of precision liming and pulse 
generation Uses 555 timer 1C and 
includes a range o» pads lor most 
liming needs 

UT S Kil 15 *5 


Color Organ 

See mutiC come 
alive' 3 different 
lights flicker with 
music One light 
onch tor high, 
mid-range and 
lows Each indi¬ 
vidually adiust- 
able and drives up 
to 300 W runs on 
110 VAC 
Complete kit. 
ML 1 
S8.95 


Lad Blinhy KM 

A great attention gel 
ter which alternately 
llaslres? jumbo LEDs 
Use for name badges 
buttons warning 
panel lights anything* 
Runs on 3 to 14 volts 
Complete M Bl I 
U.H 


Super Sleuth 

A super sensil'vrr ampli 
her wh*ch will p«ck up a 
pindrupat tSteel'Great 
tor monitoring babys 
room or as general pur¬ 
pose amplifier »uii /W 
rms output run* on 6 to 
15 volt* uses ft-45 ohm 
speaker 

Compare kil BN <1 

IS 95 


CPO-1 

Runs on 3-1? Vdc 1 wall out l KHZ good to* CF*0 
Alarm Auij.o Oscillator Complete kil 12.95 


Whisper Light Kil 

An interesting hit small mtkr> 
picks up sounds and converts 
them to light The louder the 
sound the brighter the light 
Includes nuke controls up to 
300 W i u ns on 110 VAC 

Complete kit WL -t 
16 95 


Mad Blaster Kit 


Produces lOUO ear shattering and 
attention getting s«ren like sound 
Can supply up to 15 watts u! 
obnoaious audio Fk*risonS-t5V0C 


Ton* Decoder 

A complete tone deco 
der on a single PC 
board Feature* 400 
5000 M/ adjustable 
range via 70 turn pot lOttogt regu¬ 
lation 507 1C Useful tor touch 
lone bursl detection FSK. etc 
Can also b*< used as a stable tune 
encoder Runs on 5 lo t? volt* 
Complete kit TD-t 15 95 


Siren KM 

Fhofluce* upward and downward 
wad characteristic of a police 
Siren 5 W peak audio output runs 
on 3-15 volts uses 3 45 ohm 
speaker 

Complete k.I SM 1 12 95 


30 Watt 2 mtr PWR AMP 

Simple Class C power amp features 8 times power gam i W 
*n tor 8 exit 7 W *n lor 15 out 4 W in for 30 out Ma» output 
of 35 W incredible value, complete with at) pans less case 
and TR relay 

PA 1 30 M pwr amp kit Z A* 3 

TR-1 RF sensed T-fi relay hit 6»s 


Power Supply Kit 

Complete triple regulated power 
supply provides variable 6 to 18 volts 
at TOO ma and -5 at 1 Amp E» ehent 
load regulation good filtering and 
small sue Less |ran»to»n»e*s 
requires 6 3V (a 1 A and C/sftK 
24 NA:T Complete k.l PS»3U O 


rm 35 MHz DUAL TRACE OSCILLOSCOPE 

A heavy duly and accurate scope for service 
, | as well as production use Features include 
-i ffff • wide frequency bandwidth • optimal aen- 

•„[ v sitivity • extremely bright display • delayed 
k ' triggering sweep • hold off • ALT tnggei • 

^ M single sweep • TV sync • 5X rnagnilicaliun 

T. — _ • XY or XY ^ operation • HF/LF noise 

_ ^ ^ jL reduction 

rg - ^ 3500 Dual Trace Oscilloscope 


$49995 


mcludat 2 high 
quality probe* 


ALL OSCILLOSCOPES INCLUDE 2 PROBES 


15 MHz DUAL TRACE PORTABLE OSCILLOSCOPE 

ideal tor tieid'bench applications, this 
^. scope can display up to 15 MHz sianals 

q . i Internal battery pack allows up lo 2 

_ dfe hours operation on a single charge 

* Features include • built in battery 

PB ». I — charger • 5X horizontal magnification 

M" : 9* 41 • h ‘9 h brightness CRT • front panel 

BB y V trace rotator • internal rechargeable 

YBB - D aw.aav-W- l ba,,wrv pack 

W • ft ft 12500 Portable Oscilloscope 

I 9 * P449 95 SSSr^B? 


MINI-100 FREQUENCY COUNTER 

f eaii.w* «nd capabilities o i < ountert < ustmg two* as much • 
i oinpact • high wniillwly • low Current dram • vary accurate ■ 
loading zero blanking • Mrtd o» shop u»«* • ' MH; io 500 MHi 
rang*' a diode protected • 7 digit display 

$0095 BATTERY CHARGER NICAO BATTERIES 

7 9 AND AC ADAPTER INCLUOEO 


CT-70 7 DIGIT 525 MHz 
COUNTER 

Lab quality at a breakthrough puce Features • 
3 frequency ranges each with pi* amp • dual 
selectable gate times • gate activity indicator • 
50mV (ft 150 MH/ typical sensitivity • wide fre 
quency range • 1 ppm accuracy 
$44 Q ** wired include* 

I I 9 AC adapter 


CT 70 kit 
BP-4 mcod pack 


CT-50 8 DIGIT 600 MHz 
COUNTER $16995 

CT-50 kit It 

RA-t receiver adapt** kit 


CT-90 9 DIGIT 600 MHz 
COUNTER 

The most versatile lor less than 1300 Features 3 
w*In.table gate times • 9 digit* • gate indicator 

• display huld • ?5mV ut t<0 MH/ iyp<cai sen 
•luvity • 10 MHz timebas* to* WWV c alibration 

• t ppm accuracy 

*14995 wired include* 

CT 90 kit 1129 95 

OV t 0 T PPM ovqn time baft* 59 95 

BR 4 rue ad pac* 9 95 

CT-125 9 DIGIT 1.2 GHz 
COUNTER 


$ 169 95 


wired includes 
AC adapter 


DM-700 DIGITAL MULTIMETER 

Professional quality at a hobbyist pneo F«a 
lures include 26 different ranges and 5 tunc 
tions • 3 digit inch LED display • auto¬ 
matic dec<mai placement • automata polarity 

$ i 19 ## afiasr** 

OM 700 kit 599 95 

MP t probe set _ 4.95 


PS-2 AUDIO MULTIPLIER 

I he F*S-7 is handy tor high resolution audio 
resolution maasuioments multiplies Up in fre¬ 
quency • great tor PI lone measurements • 
multiples by 10 Of tOO • 0 01 Hz resolution & 
built in signal preamp/conditionor 


PR-2 COUNTER PREAMP 

The PR ? is >d*ai lor measuring weak signals 
horn to to t 000 MH/ • flat 75 db gam • BNC 
connector* • great tor shitting RF • . teal 
receive* Tv preamp 

$ >195 wired include* 

*T *T AC adapter 


PS-10B 1.5 GHz PRESCALER 

Extends the range ot your present counter lo 
t 5 GHz • 7 stag* preamp • divide bv 1000 cir 
cmlry • super sensitive <50 mV typical) • BNC 
connectorri • 1 QHl in t MH/ out • drives any 


*4995 


PS 10-B Prescaler 


$ 79 95 


m 

PHONE ORDERS CALL 

716 - 586-3950 


IE AMS • sal!!Ilclion quir willed • eiwmne lor 10 days ll nol pleased relurn in 
original lorm lor rolund • add 6*■ lor shipping and insurance lo a ma.imum ol 
110 00 • ovarsaas add IS*. lor surtace mall • COO add I? SO ICOO in USA onlyl 
• orders under SIS 00 add SI SO • NY residents add ? . salts lai • 90 day parts 
warranty on all hill • l year parti 6 labor warranty on all wired units 

RAMSEY ELECTRONICS. INC. 
2575 Baird Rd. 

Penfield. N.Y. 14626 


" £1 = —= 


= -==r = = r = =- 


More Details? CHECK-OFF Page 110 
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Jensen s new catalog features hard-to- 
find precision tools, tool kits, tool cases 
and test equipment used by ham radio 
operators, hobbyists, scientists, en¬ 
gineers. laboratories and government 
agencies. Call or write lor your tree copy 
today 

Depi HR 

IGNSGN I 7815 S. 46th Street 
TOOLS INC. I Phoen '« AZ85044 


(602) 968-6241 
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I FREE CATALOG! i 


J Features Hard-to-Find Tools R 
and Test Equipment 
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Gunnplexer/ 


& occe/zone/ 


10*24 GHz 


A. Mlcrowtra A««oclat»» 10 OHi Ounnplaxar Two ol thOM trantcohmr* can lo/fn lha haarl ol a 10 GHz 
communication ayatam tor volca. mew. vldao or data tranamlaaion. not to mention mountalnlop DXIngl 
MAS7141-1 (pair ol 10 mW tranacahrara) $251.95. Hlghar power unite (up to 200 mW) available B Micro¬ 
wave Aaaoclatea 24 GHz Gunnplexer. Similar charactertatlca to 10 GHz unit. MA97920-4 (pair of 20 mW 
tranacelvera) 1739 20 C. Thla aupporl module la dealgned lor uae with the MA07141 and MA07S20 and 
provldea all ot the circuitry lor a lull duplex audio tranacelve ayatam The board contalna a low nolee, 
30 MHz (m receiver, modulalora lor voice and mew operation. Gunn diode regulator and varactor eupply. 
Meier outpule are provided tor monitoring received elgnal level a, dlacrlmlnalor output and varactor tuning 
voltage. RXMR30VD aeeembled and taated $119.95. D. Complete, ready to uaa communication ayatam 
lor voice or mew operation. Ideal lor repealer linking. A power eupply capable ot delivering 13 volte dc 
at 250 m A (lor a 10 mW veralon). microphone, and headphone and/or loudepeaker are the only additional 
Itema needed (or operation. The Gunnplexer can be removed lor remote mounting to a tower or 2 or 4 
loot parabolic antenna. TRtltGA (10 GHz. 10 mW) $399.95. Higher power unite available. TR24GA (24 GHz. 

20 mW) $539.95. Also available: horn. 2 and 4 loot para¬ 
bolic antennae, Gunn, varactor and detector dlodee, 
fld VAflCftCl eearch and lock ayetema. oscillator modules, waveguide. 

* 1 w ** ", w w flanges, etc. Call or write lor additional Information. Let 

Il6(6l V6f ARR taka you higher wtth quality to and 24 GHz eouloment! 


Research 


Box 1242 


Burlington CT 06013 


203 582-9409 


GET A BIRD’S EYE VIEW 

From GrafTrak II'" and your IBM* PC 


, 1; 


■ aki.Vll 

wrrrm 

r^Tj 

i-nn 


(iraflrak II ' provide* rrjlhmc graphi* displjy ol j Hal pn>jccl»»»n map which move* undo the selected Satellite Sun M«**n Star 
coverage circle and update* once per second Spherical projection view* and graphic *ctrcn dump* l«* an IBM hpvm Oki printer 
can al*o he produced Requires an IBM PC. W XT. K' AT. or true compatible an IBM Color (iraphic* Monitor Adapter or litre 
compatible, xt»7 math cnptiwCMor. minimum 256K RAM with SI2K rrc«*nmcnded. DOS 2 0 or later and either two MOK floppy 
drive* or one )M)K floppy and one hard drive 

Nil ICON liPHI.MERIS" pnmdc* tabular data output to the Mrecn. printer, or divl tile f«w the following operating mode* I 
observer to 16 satellite*. 16 observer* to I satellite, schedule for I observer to I satellite window between 2 observer* and I 
satellite, rise and set lime* for I satellite lime ordered rise and set time* for 16 satellites. Almanac lor Sun and Moon. 16 observers 
to Sun/Moon, schedule lor I observer to Moon window between 2 observers and Muon, schedule It* I observer to Sun Requites 
eithet an IBM PC It XT. It AT. or true compatible anti IBM Monochrome or IBM Color (iraphns Monitor Adapter or lure 
compatible, an optional HHH7 math cttpriwessor. 25hK RAM IX >S 20 or later and one W4IK floppy dnvc 

hash package include* ShD. an cdili* program to construct and rmalils SatelliteObserver database tiles These pruducts can he 
tun from a hard disk and arc n*H tops protected 

(•rat Irak If" and SIl.ICON HPHhMhRIS" arc priced at Slid d' each or Sldd dS for both fetas residents add safes lav Order 
by cheek names order MastcrCanf or VISA 

Silicon Solution* Inc • PC) Boa 742546 • Houston. leva* 77274 2546 • i7|l| 661 K727 ^ 156 

IRM 4 >|iu>iN ndnwl 4 WM < Kfraxw f tmffnk It xwxl Sata m I yk xu tx m tiwM w iwS. M *•>• -• Vuhawwn It* 


MULTI BAND TRAP ANTENNAS 


TRAP DIPOLES: 


to ty .t) to j ss 

0 57 I0'I&>40'40'M> 7 105 

0 50 10 15/70 40 atJ 5 K 

0 56 10/15/70/40 60/160 6 ifcj 

TRAP VERTICALS- ‘SLOPERS 

rSi' >0 is .*0/40 ' 7$ 

VS 57 10'15'TO 40-W 3 4« 

VS 53 10'1V/0 40 W J 4; 

VS 64 10'•5/70/4010 ’50 4 M 


All TRAP ANTENNAS are Ready lo use Facloty assembled 
Commercial Quality Handle lull power Comes complete 
with Deluxe Traps Deluxe center connector 14 9 a Stranded 
CopperWeid ani wire and End tnsutators Automatic Band 
Switching Tuner usually never required For all Transmit 
ters Receivers & Tiarisceivers For all class amateurs One 
feedime works all bands instructions included to day 
money back guarantee' * 

SINGLE BAND DIPOLES (Kit form); 


Includes assembly instructions Deluxe center connector !4 
ga Stranded CopperWeid Antenna wire and End insulators 

COAX CABLE: (includes Pi 259 connector on each end! 


DELUXE CENTER CONNECTOR 9 

• 9t(l Mllbl B»«* f#«Tw/W.y 

• SO W"*t uwc 

• NO Sow tig 


• NO MllS I II"4v. Iwtwu.t 

• S'- we 

• NO Sow 

• 

• HATtJws ‘ J‘ ■ mr 

• 

• 145y t*vn*ftf 4t>jukt"**Av 

• Co****- 4 UjJ’-lf 


DELUXE ANTENNA TRAPS: Compi«ieiy seaw & 

wejlherpiool Solid brass terminals Handles Full 
Power NO lumpers NO Soldering 
instructions included 
— m for 4 oand l>po»e Ant 

• 40/20/IV10 *36 OO/pr 

For b hand Dipole Am 
• m 80/40/20/15/10 

S38 00/pr 

ORDER 0IRECT FROM FACTORY AH orders shipped US 
PostpjiC VISA 'MC give card # Exp dale Signature 

SPI-R0 MANUFACTURING. INC 
Oept 103, P 0 Bo* 1538 
m _ Hendersonville, NC 28793 

Jl£m Dealer Inquiries Invileq " 


^ 136 


Tell 'em you saw it in HAM RADIO! 




















L£lI«Itfl U'^fl 1IOJ 


4412 


420-450 


420-450 


PacCbmm 

GIVES YOU MORE 


TNC-200 

• Otlicial TAPR TNC 2 Design 

• Standard AX 25 Version 2 Protocol 

• Full Duple* Hardware HDLC 

• 16k Battery Backed up RAM 

• 32k EPROM, Sottware Clock 

• Latest Multiconnect Sottware 

• Level 3 Networking Compatfoilily 

CMOS NMOS 
Assembled and Tested $219 95 $199 95 

Full kilw/cabinet $169 95 $154 95 

Full kilwio cabinet S144 95 $129 95 

Hard-to-tind parts $ 84 95 $ 79 95 

Bare PC board S 39 95 

PTV - 2Q Q 

Packet Tunlno Indlcator/HF Modem 

• Single push butlon selection ol HFA/HF 

• Active bandpass tiller helps copy in QRM 

• 20 segment red LED bar graph display 

• Internal TAPR design modem 

• Power switch controls both PTU and TNC 
Assembled and tesled.Ful! kit 
Competitively priced, call July 15 

PC-100 

Dual Port Packet Controller 

• Dual port 1NC on a hall size PC card 

• Use with your PC or compatble 

• TNC sottware rnebded 

• Dual 300/1200 high pedormance modems 

• Provisions tor high speed external modem 

• Use as Network Controller. Gateway etc 

Assembled and tested.$189 95 

Full kits Irom...$149.95 

Call about purchasing bare boards 

PCJACKEL 

Terminal Sollware lor your PC 

• Split screen or multi color display 

• Multiple, scrolled pages ot rec xmit butter 

• Fully configurable PC and TNC parameters 
•Works with all TNC’S (including GLBPK 1| 

• Popup windows loroperator Interlace 

• User-definable function keys 

• Pnnter'disk logging. DOS access 

Available now lor only.$49.95 


DESIGN EVOLUTION IN RF P.A.’s 

Now with 


GaAs FET 
Preamp 


• Linear (all mode) RF power amp with 
automatic T/R switching (adjustable de¬ 
lay) Amplifier useable with drive powers 
as low as Vi watt. 

• Receive preamp option, featuring GaAs 
FETS (lowest noise figure, better IMD) 
Device NF typically 5 dB 

• Thermal shutdown protection incor¬ 
porated 

• Remote control capability built-in 

• Rugged components and construction 
provide tor superior product quality and 
performance 

• All models include a complete operating/ 
service manual and carry a factory war¬ 
ranty on all components 

• Designed to ICAS ratings, meets FCC part 
97 regulations 

• Approximate size is 2 8 x 5 8 x 10.5" and 
weight is 5 lbs. 

Specifications/pnce subject to change 



■ 1 M H 

mu 



0508G 

50-54 

6 

15 



imi 

FT71KT*m 


0510G 

50-54 

1410 

1410G 

144-148 

144-148 


6 

15 

IUU1 

1CIKM 

144-148 

144-148 

IE22i]E3 

6 

15 


1 Models with G sullix have GaAs FET pre¬ 
amps. Non-G sullix units have no preamp 

2 Covers lull amateur band Specify 10MHz 
Bandwidth lor 420-450 MHz Amplifier 


♦SEND FOR FURTHER INFORMATION * 

TE SYSTEMS 

^ P O Box 25845 

SYSTEMS 90025 

_! 1_ (213) 4 78-0591 


Terminal Software for Macintosh 

• PuB down menus, split screen file *fers 

• Automatic routing and more $69.95 

FREE SHIPPING IN CONTINENTAL USA 

Ask us about our volume discount program 
Dealer inquiries welcome 
ORDERS ONLY CALL 
1-800-835-2246 ext.115 

SALES.TECH INFO CALL J 

813-689-3523 L I -a 

Fla addresses must add 5% sales ta* 
PAC-COMM PACKET RADIO SYSTEMS INC. 
4040 W KENNEDY BLVD. TAMPA. FL 33609 

TELEX6502881526mci ^ 140 


HAM DATA 

C-64 Software 

SUPER LOG 

Super log gives you all Ihe advantages ol a com 
puteraed data base without significantly changing the 
traditional log format For contesters. Supei Log can 
be configured to either manually or automatically 
enter contact number as well as time ot contact 
Make an error and you can easily go back and edit 
the entry Super Log also allows you to print out 
either selected contents ot the whole log Will print 
OSls 

HD SL (For C 64) $19.95 

CONTEST LOG ’ 

This disk contains lour ditterent contest programs 
ARRL Sweepstakes, Field Oay. Universal WW Contest 
log. plus a dupe checking routine Each program is 
designed lor real time use It automatically enters 
date, time band and serial number lor each contact 
A 24 hour clock is displayed at the top ol the VDT 
screen When the contest is over the program will 
print your results listing all duped and scored con 
tacts in senal sequence with all Ihe necessary inlor 
mabon as well as completed score at the bottom ol 
the page 

HO-CL I For C 64) S24 95 

MASTER LOG 

Over three years ol development went into this pro¬ 
gram It creates a tile ol 2100 individual records 
with up to 13 ditterent entries per record Master 
Log can do a search and select based upon time 
frequency, mode or any ot the other variable 
parameters It keeps track ol DXCC and WAS status, 
prints OSL labels and can search its whole tile in 
less than 5 seconds 1 Complete documentation is 
included to help you learn and use this truely stale 
ol the art logging program 
HD ML (For C 64) $28.95 

Please enclose $3.50 lor shipping 

HAM RADIO’S BOOKSTORE 

Greenville, NH 03048 
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SPRING SUNSPOT 
SALE! 

SAVE $7 00 


COMPUTERIZED DX EDGE 
Generate your own Greyline display. 

Xantek has adapted their best selling DX 
Edge to the computer world and it 
comes at a very reasonable price This 
computerized operating aid brings into 
your ham shack the ability to know and 
predict when and where DX is going to 
appear. When you are using the pro¬ 
gram. the computer will automatically 
update the information as the sun 
progresses across the lace of the Earth 
To make the computerized DX Edge even 
easier to use. the display is keyed to the 
DXCC list and the 40 CQ zones. Disk and 
documentation included This is some¬ 
thing you've Got to have! 1985 
XN-C64 (Fot Commodore C 64) REG 34.95 

•gs, Now JUST $27.95 

Please add S3 50 lor postage and handling 


ham.. 

radio 


... BOOKSTORE 

GREENVILLE. NH 03048 


More Details? CHECK OFF Page 110 
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Get lightning, EMP and 
static protection 
for receivers, JL 


Model R-T. HV 

(also available with 
N-typ* connectors for 
uao through t GHz) 


BLACK DACRON* POLYESTER 
ANTENNA R0P r 


•HIGH ABRASION RESISTANCE 

•REQUIRES NO EXPENSIVE 
POTTING HEADS 


•EASY TO TIE S UNTIE KNOTS 
•EASY TO CUT WITH OUR HOT 


•SATISFIED CUSTOMERS DECLARE 
EXCELLENCE THROUGHOUT U.S.A 


LET US INTROOUCE OUR DACRON 110 
ROPE TO YOU • SEND YOUR NAME 

AND ADDRESS AND WE'LL SEND YOU 
FREE SAMPLES OF EACH SIZE AND 

COMPLETE ORDERING INFORMATION 


synthetic 
textiles,inc. 


irtlAStWANiYlNUl kutOWW' 
mTuiu e*■•<**•* •»oci‘«MiM*r«oi 


CANOPIES 


All weather protection 
for outdoor shows 

SLANT. PE AK OR FLAT ROOKS 
FREE STANDING FAST SET IIP 
NO TOOLS REQUIRED 
SNAPS TOGETHER 
white: or blue tarps 
fits in the: trunk of a c ar 
joints & PARTS 


P O Box 571, Centerville, Ohio 45459 • (513) 435 4772 


SPECIALIZED COMMUNICATIONS 
FOR TODAY’S RADIO AMATEUR! 


PACKAGE complete 

READY TO USE 

MONEY BACK GUARANTEE 


Free brochure on request 

Hinn DEPT H 

jlalllU P 0 BOX 261 

Jin/tin highwood. il 60040 

(312) 433-0106 


If you are ACTIVE in FSTV 
SSTV, FAX, OSCAR, PACKET, 
RTTY, EME, LASERS, TVRO, 
or COMPUTERS, you need 

“THE SPEC-COM JOURNAL™’ 

NOW IN OUR 18TH YEAR OF SERVICE! 

Published 10 Times 
i Per Year 

J By WBOQCD 


MICROWAVE EQUIPMENT 

For easy lest and adjustment of 2 3 GHz 
microwave amplifiers 

v :j :P , ir" :■ Gam vs frequency display for 
; HMBLA-2 

i ' ' * uH; i»t*; 1 if'«?• With 5 ' »Hz 

100 MHz/cm 


cemer frequency 
horizontal and 5 MV/cm vertical 
sensitivity 

An RMSWG-2 1*3-0 Sweep Generator S144 00 
RMUOO-12 Detector S24 00. RMLS-2 Line SlreiCher/ 
dc return Si9 00 20 & 30 (1 RG-58 cables (at- 
tenuators) and an osoiloscooe with 5 MV/cm vertical 
sensitivity were used in this test 

2 3 GHz Bipolar Amplifier iRMBLA 2.3) ♦ 12 VDC. 
Greather than 14 dB gam at 2 3 GHz • $45 00 2 3 GHz 
GasFet Amplifier (RMGLA 2.3) 1 5 VDC Greather than 
15 dB gam at 2 3 GHz $70 00 2 3-2 45 GHz Signal 
Generator (RMSG-51 *30 VDC - $55 00 
Prices include posiage/handlmg it order includes check 
or M O FOB Brookt.efd. MO for C O D or charge orders 

ROENSCH MICROWAVE 

R R. 1 . Bo* 156B. PH 816-895 5431 1C 

BROOKFIELD. MISSOURI 64628 II 
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CALL TOLL-FREE 1-800-628-2828 ext. 541 


...and place your subscription order today! Our membership Services 
HOTLINE is good for all 50 U.S. States including Hawaii & Alaska and ALL of 
CANADA! U.S. subscriptions $20 per year. Foreign slightly higher. A Master Ar¬ 
ticle Index Special Issue is available for $3.00 postpaid. 

S THE SPEC-COM JOURNAL Hp 

P.O. BOX H, 

LOWDEN, IOWA 52255 


Credit Card Ordare (5% addad) 













personal pocket DMM 

This compact, inexpensive, new instrument 
from North American Soar features simplicity of 
operation and rugged design. The fully autorang¬ 
ing Model 3010 doesn't require fuses because 
it's electronically protected from operator mis¬ 
use. Even applying 250 volts AC to this meter 
in the ohms position won't hurt it. 



Several features, such as permanently mount 
ed test probes that can't be lost or connected 
incorrectly, have been added to ensure good per 
formance in the field. The lightweight design, 
durable ABS plastic housing, and the carrying 
case all afford "drop proof" protection at mod 
est cost: only $29.95. 

For further information, contact North Ameri 
can Soar Corporation, 1126 Cornell Avenue, 
Cherry Hill, New Jersey 08002 
Circle fX2 on Reader Service Card. 


new IC-28A and IC-28H 
2-meter mobiles 

ICOM has announced the availability of the 
new 1C 28A 25-watt and 1C 28H 45 watt packet 
compatible 2 meter rigs with all the features 
necessary for mobile operation These features 
mcludo compact size (the 1C 28A measures 51 /4 
x 51/2 x 2 inches, the 1C 28H 7-1/4 x 5 1/2 x 
2 inches) and a large LCD readout with an au 
tomatic dimmer circuit to reduce brightness. 

The units operate from 138 174 MHz, with 
specifications guaranteed from 144 00 148 MHz. 
making them ideal for MARS and CAP opera 
tion. Twenty-one memory channels are includ 
ed. It's possible to scan the entire band or the 


memory channels from the provided HM 12 mic. 
Easy to operate, each unit features only 11 front 
panel controls. 

Options include the 1C HM14 DTMF mic, 
PS 45 13.8V, 8A power supply. UT 29 tone 
squelch unit. SP-10 external speaker. HM 16 
speaker mic and HS-15/HS 15SB flexible boom 
mic. and PTT switchbox. 

For information, contact ICOM America, Inc.. 
2380 116th Avenue N.E., Bellevue. Washington 
98009 9029. 

Circle /303 on Rnader Service Card 


antenna switch 

MFJ Enterprises. Inc., is now producing the 
MFJ-1701, a six-position antenna switch that 
allows switching antennas with the turn of a 
knob. It organizes tangles of coax cables and 
eliminates the need to keep plugging in and 
unplugging cables. 

The MFJ-1701 retails at an affordable $29.95 
(plus $5.00 shipping and handling). The equip 
ment is mounted in a rugged, yet handsome, 
black aluminum cabinet that matches most rigs. 

This six-position antenna switch has SO-239 
connectors, negligible insertion loss, low VSWR. 
and low crosstalk between adjacent outlets All 
unused terminals are automatically grounded for 
static/lightning/RF protection. The MFJ 1701 
can be used for 52 to 75ohm systems and can 
be mounted with equal ease on a desk or on a 
wall. In addition, the MFJ-1701 handles 2000 
watts SSB or 1000 watts CW. 

This product is backed by MFJ's one year 
unconditional warranty. If ordered directly from 
MFJ, it has an additional 30 day guarantee 
return it within 30 days for a full refund (minus 
shipping and handling) if not completely 
satisfied . 

For details, contact MFJ Enterprises, Inc., 
P 0. Box 494. Mississippi State. Mississippi 
39762 

Circle /304 on Rnader Service Card 


new amateur equipment 
from Heath 

Four new Amateur Radio kit products have 
been introduced by Heath Company, the world’s 
largest manufacturers of high technology elec 
Ironic kit products The new products are the 
HD 1420 VLF Converter. HD 1422 Antenna 
Noise Bridge, HD 1424 Active SWL Antenna, 
and the HD 1530 Touch-Tone Decoder. 

The HD-1420 Very Low Frequency (VLF) Con¬ 
verter allows a standard shortwave receiver to 
tune the 10 to 500 kHz band using the receiver's 
3.5 to 4.0 MHz band. 

The HD 1422 Antenna Noise Bridge is a use 
ful antenna tuning aid which reveals the cause 
of any mismatch between a station's transmit 
ter and its antenna. 

The HD 1424 Active SWL Antenna allows a 
shortwave radio to receive signals between 300 
kHz to 30 MHz. 


AUTHORIZED KENWOOD 
l-COM RADIO DEALER 



H l HEASTER. INC 203 Bocttunnon Pup Clarksburg W 
Va 26301 Clarksburg Phone (304) 624 5485 or W Vi Toll 
Free 1 80O3S2 3177 

HAROLD HE ASTER KA30HX. 91 RKJgehekJ Place Ormond 
Beach. Fl 32074 Florida Phone (904) 673-4066 

NEW NATION WIDE TOIL FREE TELEPHONE 1W044 RA040 
1-MM4-72346 

CaN us for a quotation Wt WILL SAVE YOU MONEY' 


WORLD-TECH PRODUCTS 



SALE PRICE 

534.95 

List Price s 44. 9i 


Model 
M3111A (S) 


KNOW THE TIME 
ANYWHERE - EVERYWHERE - INSTANTLY 


• 12/M Hour Time Pen 

• Dual Dial World Time dock 

• Easy to read local lime in ones around tie world 

• Gold or silver lime poet handsomely displayed in a smoked acrylic 
or dear stand 

• Davlight/Mighttime shown on 24-to dial 

• Accuracy assured to* 15 seconds per month with quartz movement 

• Time piece diameter height ? width 8" Uses 1 AA‘ battery 
not included 

ORDER YOUR CLOCKS TODAY 

CALL |613| 442 5662 

I bub urban be 5rv Plan be '?.» tot *»■*, 
oi write 1733 Kapp Oi Clearwater FL 335/5 
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Sub Problems? 
Contact Sue. She'll 
fix it for you! 
(603) 878-1441 
Ham Radio 

Greenville, N. H. 03048 
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Antennas 


BUTTERNUT 

HF6V B010 vertical 125 00 

HF2V 80 40 vertical 114 00 

2MCV5 ?MT vertical 52 95 

RMKII roof mtg tut 41 95 

TBR160S 160m add on 45 00 

MPS mlg post sleeve 5 50 

AND MORF* 

CUSHCRAFT 

A4 4 el intend 300 00 

A3 3 cl Intend 224 00 

R3 10.15.20 remote tuned 

vert 275 95 

AV5 5 tend trap vert 105 00 

32 19 19 el 2mt boomer 96 95 

215WB 15 el wide band 2m! 

boomer 79 95 

4248 24 el 70cm boomer 82 95 

416TB 16 H OSCAR 435 

MM; 60 00 

A144 10T 10 el OSCAR 145 9 

MHz 53 00 

AOP 1 OSCAR pack ?mt & 

70cm 150 00 

AR 2 2mt vert nngo 24 50 

ARX 2 2mt vert nngo 

ranoer 30 00 

ARX*2B 2mt vert nngo ranger 

II 37 00 

AND MORE' 

HUSTLER 

68TV 6 band trap vert 128 95 

58TV 5 band trap vert 108 95 

4BTV 4 band trap vert 84 95 

G7 144 Fix stat 2mt 

cotenear 116 95 

MO l/MO 2 mobile mast 21 95 

RM10/RM15 10m 15m resonator 

(stal 1195 

RM10S/RM15S super resonator 16 95 

RM20/RM20S std & super 

resonator t5 95/21 95 
RM30 30mt std resonator 16 95 

RM40/RM40S std and super 17 95/25 95 
RM7S/RM80 75 or 80 std 18 95 

RM7SS/RM80S 75 or 80 super 36 95 

BM 1 bumper ml 15 95 

SSM 2 stainless ball mt 17 95 

SSM t stainless ball & spring 

ml 32 95 

00 1 quick disconnect 13 95 

SGM 2 2mt 5/8 mag ml 28 95 

HOT bunk mi w/swivei 

ball 16 95 

AND MORE' 


HY GAIN 

TH7DXS 7 el Intend 530 95 

TH5MK2S 5 el Intend 457 95 

FX 14 4 el intend 362 95 

TH3JRS 3 el 750Wpep 218 95 

18AVT/WBS 5 tend trap vert 121 95 

14AVQ/WBS 4 tend trap vert 74 95 

V2S 2ml omni direct 50 95 

V4 70cm omni direct 59 95 

HB144MAG 2mt mag mt 2195 

AND MORE' 

KLM 

KT34A (riband 4 el 337 95 

KT34XA intend 5 el 485 95 

2M14C 2mt satellite 87 95 

2M22C 2mt satelkte 117 55 

435 18C 70cm satellite 113 95 

43M0CX 70cm satellite 155 95 

MOSLEY 

TA33 3 el Intend 239 00 

TA33JR 3 el tr.band 179 00 

CL36 6 el Intend 359 00 

CL33 3 el Intend 265 00 

PR037 7 el Intend 465 00 

VAN GORDEN 

P08010 8010 dipole kit 34 95 

PD8040 80 40 dipole tut 32 50 

PD4010 4010 dipole kit 30 95 

SD80 80 shortened dipole 28 95 

SD40 40 shortened dipole 25 95 

ALL BANDER 160 10ml 28 95 

AND MORE' 

LARSEN 

LM150MM 4190 

NLA1S0MM 45 90 

NM0150MM 45 90 

KD4 142 HO 16 95 

AND MORE' 

CABLE 8 CONNECTORS per/TI 

Beklen 9913 49cts 

Columbia RG 213 3?cts 

RG8/U 29c ts 

RG 6X IScts 

RG59/U 14cts 

PL259/S«lver 1 10/1 49 

N Male lor 8/U 4 00 

BNC(M) UHF(F) 4 80 

ANO MORE' 


TET 

H8433SP 40 15. 10. 3 el 244 95 

MV3AH 7.21.28 ven 48 95 

MV3AHR 7/21/28 verl 80 45 with radio 

MV3BHR 14/21/28 verl 80 45 with radio 

MLA 4 loop 3 5/7/21/28 139 95 

SO 10 28 MHz Swiss Quad 118 95 

SOY 06 ?mt Swiss Ouad 55 95 

MISC 

Alpha Oelta Twin Sloper 49 95 

Larsen KD4 150 HO 16 95 

Larsen Dual Banders 38 45 

Unad’Ha 1 1 17 95 

Ant Spec AP151 3G 34 50 

X Panda Five 14 95 

Lightning Arrestor UHF M F 3 80 

Butternut HF3B 165 00 

Hustler UGM 19 95 

Untenna Dual Band 51 00 


products 


The HD 1530 Programmable Touch Tone De 
coder is used in series with the speaker of a re 
ceiver or scanner. 

These Amateur Radio products are just a few 
of many products offered by the Heath Com 
pany. To receive a free copy of the current cata 
log. contact Heath Company. Department 150 
592, Benton Harbor, Michigan 49022. (In Can 
ada, write Heath Company, 1020 Islington Ave¬ 
nue. Department 3100, Toronto, Ontario, M83Z). 

Circle /305 on Reader Service Card 


AUNC0 ALR-206T SPECIAL S CALL 

• 5 ft 25 watts-10 Ch memory 

• Scan control on Mic 

• Built in Sub Audio Tone 

• The ALR 206T is the safest mobile rig on 
the market No need to take your eyes off 
the road-COMPLETELY PROGRAMMABLE 
FROM MIC 

AUNC0 ALM-203T SALE $ CALL 

Don t buy any HT until you study this fantastic 
unit Programmability identical to AIR 206T 
You only need to learn one radio when you have 
both fufl featured, scan, memory 5 watts 2 sub 
audio tones Receives 140 160 MHz 
IC0M R71A HP—High Performance 
EEB has modified the world class R71A and 
enhanced its performance beyond the 
manufacturer s dream 

• 24 hour bench test and 6 month war 
ranty 

• SS8 filter upgrade to improve AM Narrow- 
SSB selectivity and dynamic range 

• Front end upgrade improves dynamic range 
plus preamp enables operation below 1600 


miniature VFHF 
GaAs FET preamps 

Low in cost and small in size, these new am 
plifiers from Hamtronics are easily used in a var 
iety of applications. Amplifiers in the LNW series, 
available in eight different models tuning from 
25 to 500 MHz, are designed around dual gate 
FETs that provide stable operation over a wide 
range of load impedances. At frequencies be 
low 120 MHz. gain runs from 22 to 28 dB with 
a typical noise figure of 0.8 dB 

The price is $19 (in kit form) and $34 (assem 
bled and tested). Further details on these 
preamps and many other Hamtronics products 
are available in a 40 page catalog available for 
$1. Contact Hamtronics, Inc., 65 F Moul Road. 
Hilton. New York 14468 9535 


• 4 kHz filter replaces 6 kHz wide filter - 
improves AM selectivity 

• Audw output upgrade gwes more auto at less 
distortion-more easy listening 

• AGC time constant tor optimum AGC control 

• Shotkey diodes lor dear sound increased per 
forma nee 

• Spike protection installed at the pwr supply 
for max spike and surge protection 

• Final check out alignment 

• We also install IC0M options at no charge 
R71A HP Mf Mechanical Filter add S200 00 
to R71A 

R71A HP XF 8 pole Xtal Filter add S250 00 
to R71A 

R71A HP XFS 2 1 kHzXtal Filter add $300 00 
to R7IA 

R71A 24 hour tested-no mods $669 95 

IC0M H/000 VHF/UHF $849 00 

EEB wiH offer a R7000 HP-Detail Release 
date July 86 
MEC 71n 

Now you can control ft enhance the perfor 
mince of ICOM R71A. 751A. 271A 471A 
1271A w/the amazing MEC 71n computer 
interlace for the C4>4 

• Display 1 print ft receive memories 

• Store or log 705 memories w/computer 

• Unlimited memory w/Disc storage 

• Keyboard entry or freq . mode, memory scan 
Get all the de tarts-Call or write today 

MI C 7t.. Introductory Price at $199 95 
Established Dealer Inoumes invited 


ROHN 

20G 10- sect 4150 

20AG top sect 48 00 

?SG 10' sect 51 50 

25AG 2 3 top sect 62 10 

45G 10 seel 115 50 

45AG 2 3 top sect 126 00 

AS25G access shed 15 00 

AS45G access shed 48 75 

TB 3 thrust bear 53 95 

M200 10' mast 22 25 

S825G short base 26 25 

SB45G short base 49 50 

EF2545G gin pole 187 50 

HY GAIN ROTORS 

T2X 20 sq ft 315 95 

MAM IV 15 sq ft 262 95 

C045II 8 5sq ft 164 95 

KENPR0 ROTOR 

KR 500 elevation 12 sq It 161 95 

ALLIANCE ROTOR 

U110 3 sq ft 48 00 

0AIWA 750F ROTOR 
Compare These Specs ft Pricing 

MR750C 1 Motor 2 Motor 4 Motor 

Wmd 

Load 

Sq Ft 16 1 215 30 

Turn 

Pwr 

Lbs 610 1200 2400 

Break 

Pwr 

Lbs 5200 9600 18300 

Price $250 00 S340 00 S520 00 

Additional Motors $90 00 Preset Add $55 00 
Free U S Great (arete Transfer Map w/ftator 
ALINCO Quad Pod the perfect match for 
todays antenna installations i e OSCAR sys 
terns, bght HF beams VHF UHF beams 
4 legs-strong-rotor plate—accepts optiorul 
thrust bearing, lightweight, durable aluminum 
constfuction-easy installation 
ETS 120 46* $ 67 00 

ETS 150 55' $ 79 00 

ETS 180 67* $ 95 00 

ETS 210 79* $107 00 

AA7 7A Thrust Bear S 36 00 

AA7 7 Rotor ft Control $12100 
See Almco Ads tor Details 


new software for 
RC-850 repeater controller 

Advanced Computer Controls, Inc. has an 
nounced Version 3.4 software that adds many 
new features to repeater systems. 

The controller's autopatch is enhanced to sup 
port multiple telephone lines, including up to 
three remote phone lines linked by radio. Remote 
phone lines allow autopatch and autodial serv 
ices on repeaters at inaccessible sites and allow 
the repeater's patch coverage to match its RF 
coverage, with calls automatically directed to the 
proper line. 

Additional access and control modes allow 
custom tailoring of PL and touchtone access to 
the repeater. Eight hundred individual user- 
access codes may he enabled and disabled by 
the repeater owner, for secure controlled access 
to selected functions. 

Four links or remote bases are supported, with 
touchtone command entry permitted from the 
remotes. Additional remote base frequency 
memories are included, with programmable 
memory name responses. 

Numerous additional paging formats are sup 
ported for selective call to users with decoders 
or paging receivers. New formats include five 


RTTY AMTOR PACKET 

FEB « one of the lew Amateur dealers that actu 
ally demonstrates the latest high tech equip 
ment We test every new item and only sell what 
we leei confident with It you are considering 
Packet. call us ami we II sell yuu the best (Ask 
lor Scott. WR4S or led AA4GM at 703 938 
3350) It you are in the OC area, stop in and 
marvel at our dedicated RTTY room 


PAKRATT PK 64 Worlds Best 
Pnce/Performance Ratio 

The Pakratt 64 is the world s tirst five mode m 
one Amateur Radio smart data controller 
$219 95 

NEW! PK 80 Packet Controller 

Utilizes TAPRII board-factory wired tor all 
RS 23? compatible computers 
Now at $219 95 

CP 1 AEA Computer Patch Interface 

Convert your personal computer ano transceiver 
into a full featured RTTY station w/ the CP 1 
Computer Patch interface and software by AEA 

• Now available tor the Commodore 64 

• Complete with cables lor the AEA CP 1 

• Keyboard overlays and manual $ CALL 

• RS 23? option available 
KANTRONICS UTU 

Now Available al FEB 

• Can be used on CW ASCII AMTOR and 
RTTY 

• Easy for beginners 


MB ELECTRONIC 
EQUIPMENT 
\=i BANK 

516 Mill Street NE 

Vienna, VA 22180 USA 

Prices ft specs subfect to change 
Shipping charges not included 
Returns subject to 209« restock charge 
Free catalog in USA all other 3 IRC s 

ORDER TOLL FREE 800 368 3270 
Tech Into-VA orders 703-938 3350 


FEB ts Bud s No 1 East Coast Dealer 
Large inventory Packaqe Deal $ CALL $ 
Bird 43-eiements-kHds 




lone sequential, DTMF. CTCSS, and HSC for 
numeric display paging. Pager information is 
stored in memories for easy two digit reference 
to any pager. 

Available to all current owners, the software 
is supplied in 48K of EPROM, plus an 8K RAM 
upgrade. The non volatile EPROM memory is 
optionally upgradable to 8K The upgrades are 
included as standard in newly shipped 
equipment. 



For additional information, contact Advanced 
Computer Controls, Inc., 10816 Northridge 
Square, Cupertino, California 95014. 

Circle /306 on Reader Service Card 


Kantronics Packet 
Communicator II™ 

The complete Kantronics Packet Communi 
oator II(KPC 2) is an AX.25 Version 2.0 TNC that 
features a completely new design, the latest in 
technology updates, and over 100 software com 
mands. A serial RS232 or TTL port allows con 
nection to any computer. KPC 2 is also 
compatible with existing TNCs. The unit is ready 
to use and easy to operate. 

Priced at $219, the KPC 2 is compatible with 
any computer having a serial, asynchronous I/O. 
It offers standard computer to communicator 
baud rates between 300 and 9600, and packet 
radio baud rates of 300, 400, 600, and 1200. 

Software selectable VHF and HF modems are 
included. Six software selectable tone pairs in 
eluding Bell 103, 202, CCITT V.21, and CCITT 
V.23, and full duplex capability are also featured. 
Full 16K is RAM standard, with memory expand 
able to 32K RAM. 

Any terminal or communications software pro¬ 
gram can be used to establish communication 
between your computer and the KPC 2.'“ Kan 
ironies offers Pacterm"', a special (jacket ter 
minal program for many popular computers 



Power supply, connectors, and cables are 
provided with the KPC-2, but the user must sup 
ply the transceiver mic jack and the computer 
RS232/TTL connector 
For information contact Kantronics, Inc., 1202 
E. 23rd Street, Lawrence, Kansas 66046. 
Circle /307 on Reader Service Card. 


new Transi-trap' M 


Alpha Delta has |ust announced availability of 
a new improved vesion of its Transi trap “ 
electrical surge protector. 

The Transi trap "Arc plug" has been re 
designed to meet industrial and governmental 
protection standards for protection against Elec 
tromagnetic Pulse (EMPI, in accordance with the 
National Communications System report, NCS 
Tl B 85 10 The new ' 'Arc plug'' has a DC clamp 
mg level of 350 volts to provide proper transmitter 
protection. The pulse clamping level (per NCS 
EMP test: 4,500 volts at 50 ohms) is 230 volts. 
The unit will respond in 80 to 100 nanoseconds 
and has a very low interelectrode capacitance 
of less than 1 pF 

For more information, contact Alpha Delta, 
P.O. Box 571, Centerville, Ohio 45459. 

Circle /308 on Reeder Service Card. 


hidden signals 

Universal Electronics has announced the re 
lease of the second edition of The Hidden Sig 
mils on Satellite TV, the first book to completely 
cover the field of non video satellite services car 
ried on domestic satellites. 



These services include stereo subcarriers, tele 
phone channels, world news and press services. 
Teletext, and other VBI Systems. Single Chan 
nel Per Carrier (SCPC) Systems, plus other data 
and business services. 

Hidden Signals deals with all phases of this 
expanding side of the satellite business: the sys 
terns, how they work, who uses them, how they 
are received, and how the services can be util¬ 
ized. Despite its sophisticated content, the illus 
trated 240 page book is easy to read and 
understand 

The book is available for $19.95, plus $2.00 
shipping and handling from Universal Electron 
ics, Inc., 4555 Groves Road. Suite 13A, Colum 
bus. Ohio 432X 1 . (Also available from Ham 
Radio's Bookstore. Greenville, New Hampshire 
03048 for $19.95 plus $3.50 shipping and 
handling.) 

Circle /309 on Reader Service Card 


IC0M REPEATER 
PROGRAM UPGRADE 

The RPS 1 cs an entirety new repeater program written tor the tCOM 
REPEATER cofltroNtf board mat will add NEW fEATuRES and CUS 
TOM PROGRAMMING to you* IC0M RP 1?10 RP 2010 and 
HP 3010 The RPS 1 will take yuor generic sounding repeater and 
give it a whole new personality 

New CW ID operation provides two separate cw «d messages. and 
can include aty'.titr or dub aune Plus the cw messages are sent 
at the speed you request Ihc new Courtesy Beep tone prompt ai 
lows a short courtesy wart period before deeping and resetting the 
fcmeout bmer Ahdr the repealer transmtler stays on New timeout 
operation clears timeout rmrryvtutfty with no down deuy and pro 
wdes cw warrvnQ messages to reduce confusion Custom program 
mmg of ad cw and timmg parameters 
The iCOM REPEATER is a we# built reliable repealer and adding 
the PROCESSOR CONCEPTS RPS t will add new teaturr. and per 
sonakred programming to make a good repeater even hetter 

• TWO SEPARATE CW ID MESSAGES 

• m timeout cw warning msg 

• POST 1IML0U1 CW MSG 

• DIRECT EPROM CHIP REPLACEMENT 

• COURTESY BEEP TONE PROMPT 

• TIMEOUT RESET ON BEEP 

• CHOCE Of CW 10 SPEEDS 

• EASY 10 INSTALL 

RPS 1 PROGRAMMED MEMORY and MANUAL only S74 00 
plus S3 00 shipping 

PROCESSOR CONCEPTS 

P 0. BOX 32908 
MINNEAPOLIS. MN 55432 
(612) 780 0472 7 pm 10 pm evenings 

CALI Oil WRITE E0R (REE SPECIEICAIIONS AW 
PROGRAMMING ORDER SHEET 
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Thrt converter c»v#r» AIM's* 470 445 f"*4/ ATV frequenciet Thit 

, i <.n<»rt*r utet e *1 reference »e lock ®Mo ttie #)» 4S9 75 MM? 
Ulenderd -•* e t*cend at 421 ?5or 4J6 75 or 4)6 75 MM/ 

7H*t *•**»*»•*» else supports e m«nu«1 Iwxig mod* for nen-stenderd 
frequencies The # oglpu' tan be •»<»'*d far chennel 2 •» J 
T Mt ATV madule it sm/tl vid anly r»gg»n *12VDC A aswaN • 2V 
'» feem*r tt iuppf>»d with this etteinbled end rrs»ed c#n«e*ter 
| Th« canver le# uses e GAs »IT ef-p wilh e Mqnly selecltve bend- 
pets fillet tHel will «ut eu» t«»*nq UK. Tv end e»He* tUany aut «7 
be*d w i 

Tvpwel 9 %0O • 50 db. 9270 MHr « 65 db 

end 91 #4 MM/ • 7Q db The pett-behd »» 470*445 7^1/ j 

Volley regwlel*on « *ery »1*ble under ve»y DC *hpu» Can- 
v#f tven yen it epprowneteVy 20 db wit* input end autput 
protectian Input it vie type n canned#e Output i* v»» e type T 
taAfiKftr Si/e ** 5 175" ■ 5 5 » t 5 

19b 50 

QUANTITY PRICING AVAILABLE FOR GROUP PURCHASES 

TECHNICAI OfVELOPMrNT SYSTEMS 
3608 CHARLES STREET 
FORT WORTH, TEXAS 76118 

(817)284 4290_ 


TERMS money order, certified check,UPS 
cash COD Allow 2 weeks for personal or 
compony checks lo cleer Add 14.50 tor 
shipping & handling. Texas odd 5 125* 
slate sales tox_ 
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MULTI-BAND SLOPERS' 


U» OlfOlt* 4 lOailO-SPACt ANTOMAS 
LxetlerKHrYg peilaunetce ol WtilNN enievwiet 11 Mirbnvww Mo«*" 
tog mulHOenrl BK« SkGMAl lepom AulomelK bene»«>lcfw>g Ve.» 
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SAY YOU SAW IT 
IN 

HAM RADIO 


July 1986 G3 ioi 
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The best in satellite programming! Featuring: ★All 
Scheduled Channels ★Weekly Updated Listings 

• Magazine Format ★Complete Movie Listing ★All 
Sports Specials ★Prime Time Highlights ★Specials 
Listing and ★Programming Updates! 

• Only $45.00 per year (52 weekly issues) 

• 2 Years $79.00 (104 weekly issues) 

• $1.00 for sample copy 


Visa “ and MasterCard H accepted (subscrip¬ 
tion orders only). All prices in US funds. Write 
for foreign rates. 

Send this ad along with your order to: 

STV®/OnSat® 

P.O. Box 2384—Dept. HR • Shelby, NC 28151-2384 

SUBSCRIPTION CALLS ONLY 
TOLL FREE 1-800-438-2020 




RECEIVE 
THIS LCD 
CALENDAR 
CLOCK FREE 
WITH YOUR 
SUBSCRIPTION 


WHAT’S REALLY 


HAPPENING 


IN HOME 


SATELLITE 


• Only $19.95 per year (12 monthly issues) 

• $1.00 for sample copy 


QUALITY ETCHED PC BOARDS 
IN LESS THAN S MINUTES. 


Convenient economical, high quality production of 12 x12' 
panels is obtained using Kepro's Bench-Top Spray Etcher, only 
$765. Kepro-the one stop source for all your Prototype and 
Short Run PCB needs. 


Kepto Circuit Systems. Inc 

Write for full line catalog or call 
I-BOO-32S-3B78 • 1-314-343-1(30 (Missouri) 

(30 Axminister Drive • Fenton, MO (302(-2992 


TV? 

THE HOME 
SATELLITE 
TELEVISION 
MAGAZINE 


A monthly of 100-plus pages—has everything you 
need to know about where to find equipment, how to 
install it, system performance, legal viewpoints, and in¬ 
dustry insights! With your subscription to STV “ you will 
receive a FREE LCD Calendar/Clock 


• REALLY cramped for space? 

• Wanta10,15 or20Mconcealableorportableantenna? 

• Want a "bird dog" for your beam? 

• Want 40M in a small space? 

• Want to try the new WARC bands? 

MICROLOOP 

these compact , 

monoband loops “*1 ' — 

provide omnidirec¬ 
tional (no rotator) x 

hoo/onlally-polart/ed 20M 

(low-noise) coverage MICROIOOP 

when pdrdllel to / T 

ground, or perform- f I \ SHOWN 

ance approaching a I 1 \ 

full-sire dipole when 

(SWR< 1.5:1) to your 
favorite band seg- 
via built in 

t <i.ixi.rl | 

i .ip.u ill II < .ip.ihlr ‘ J r ' • 

watts CW or PfP. 

Cover other hand segments via antenna tuner. Rugged low-loss copper 
with stainless steel hardware. 2 " PVC mast required (not provided), or 
suspend Irom tree or ceiling with nylon rope. Prices include US shipping 
(except HI. AK) Florida add S% sales tax. Send check with your order 
or call us with your VISA or MasterCard. 

10. 12. 15. 16 or 20M MICROLOOP (20M is 54” across. 

others smaller). S81.S0 

10M or 40M MICROLOOP (108' across lor4()M. 10M 
smaller). $93.50 

flDN Rdvonced Design Networks, Inc 
8601 66th Street North ‘Pinellas Park fL 33S65 


CALL TODAY (813) 544-2596 


0 














products 


get connected — 
to packet radio 

Gel Connected to Packet Radio, by Jim 
Grubbs. K9EI, is the first book devoted exclu¬ 
sively to packet radio operation. Three major sec 
tions cover packet radio from the beginning 
through intermediate levels. 

In the first chapters. Jim offers a quick look 
at packet radio history. For those contemplat 
mg the purchase of a terminal node controller 
for packet radio, information is included on the 
rapidly growing number of units available. A 
comparison of several major designs is included. 

Once readers assembles the necessary equip 
ment. Get Connected to Packet Radio takes 
them by the hand in a step by step process lead 
ing to their first successful first packet QSO. 

The introductory section continues with infor¬ 
mation on possible problems, useful commands, 
and a discussion of high frequency packet oper 
ation versus VHF operation. You'll learn where 
to find additional packet information in maga 
^mes and newsletters and how to contact packet 
organizations, no matter where you live. 

The second section begins with a look at pack 
et protocol. Information on the Xerox 820 com 
puter for use as both a packet terminal and as 
a bulletin board are included. A special chapter 
on accessories takes a look at everything from 
special software to connect alarms. 

In other chapters, details on special packet 
operations (running a bulletin board, for exam 
plel are outlined. The final pages include an ex 
tensive appendix containing a handy glossary, 
a bibliography, and lists of pertinent addresses, 
frequencies, command summaries, and more 

Get Connected to Packet Radio is available 
from Ham Radio’s Bookstore, Greenville, N H. 
1)3048, for $12.95 plus $3.50 shipping and 
handling. 


MFC sells ham products 
division 

Microwave Filter Company, Inc. has sold its 
Unadilla/Reyco Amateur Radio Products Divi 
sion to Ralph H. Jannini of Antennas, Etc., of 
Andover, Massachusetts. The division produced 
baluns, traps, switches, and antenna kits that 
were distributed through approximately 200 deal 
nrs nationwide and to exporters in Canada. 
South America, and Europe. Jannini will add Un 
adilla/Reyco to his present operations and will 
continue to serve MFC's Amateur Radio cus 
tomers. 

For information on Unadilla Reyco products, 
contact Antennas. Etc., 16 Hansom Road. An 
dover, Massachusetts 01810. 


ANTENNA 

And 

TOWER 

ACCESSORIES 


MAST ADAPTERS 

NEW 
MA 3 

$29 50 


BEAM MOUNT 




Commercial 

Antenna 

Standoff |99 5o| 

NEW FACE CATALOG NOW AVAILABLE 

IIX EQUIPMENT LTD 
P O Box 9 Oaklawn. II 60454 

(312)423 0605 ^ 122 



SERVICE CENTER 

tor 

ICOM, KENWOOD 
and YAESU 

Fully equipped repair shop Amateur, 
Marine and Land Mobile repairs. 

FCC NABER Lie 

Mon-Fri 10:00-4:00 pm 

(206) 776-8993 

PACIFIC RIM 
COMMUNICATIONS 

Bob KG7D 

23332 58th Ave. West 
Mountlake Terrace, Wa 98043 

SI & C O D S Welcome ^ 124 


FREE 

BOOK 

FLYER 

Send SASE to 

Ham Radio’s Bookstore 

Greenville, N. H. 03048 


RF 

TRANSISTORS 



2 30 MHi 12VP 

28V) 


P/N 


Rating 

Each 

Match Pt 

MRF412./A 


BOW 

18.00 

45.00 

MRF421 

0 

100W 

22 50 

51 00 

MRF422* 


t50W 

38 00 

8200 

MRF426./A* 


25W 

18 00 

4200 

MRF433 


12 5W 

1200 

30 00 

MRF449./A 

Q 

30W 

12.50 

30 00 

MRF450./A 

Q 

SOW 

14 00 

31 00 

MRF453./A 

Q 

60W 

1500 

35 00 

MRF454./A 

O 

80W 

1500 

34.00 

MRF455./A 

O 

60W 

12 00 

28.00 

MRF45B 


BOW 

20 00 

46 00 

MRF475 


t2W 

3 00 

9 00 

MRF476 


3W 

2.75 

800 

MRF477 


40W 

11 00 

25 00 

MRF479 


15W 

to 00 

23 00 

MRF485* 


15W 

6 00 

15 00 

MRF492 

0 

90W 

16 75 

37 50 

SRF2072 


65W 

13 00 

30 00 

SRF3662 

Q 

now 

25 00 

54 00 

SRF3775 

O 

75W 

14 00 

32 00 

SRF3795 

O 

90W 

16 50 

37 00 

CD2545 


SOW 

2300 

52 00 

SD 1407 

0 

100W 

36 00 

76 00 

2SC2290 


60W 

15 00 

36 00 

2SC2879 

o 

100W 

25 00 

56 00 


O Selected High Gam Matched Quads Available 

VHF/UHF TRANSISTORS 



Hating 

MH. Net Ea Match Pt 

MRF212 

10W 

136 174 $1600 

— 

MRF221 

15W 

136 174 

10 00 

— 

MRF222 

25W 

136 174 

14 00 

— 

MRF224 

40W 

136 174 

13 50 

3200 

MRF237 

4W 

136 174 

3 00 

— 

MRF238 

30W 

136 174 

13 00 

30 00 

MRF239 

30W 

136 174 

15 00 

35 00 

MRF240 

40W 

136 174 

18 00 

41 00 

MRF245 

80W 

136-174 

28 00 

65 00 

MRF247 

75W 

136 1 74 

27 00 

6300 

MRF260 

5W 

136 7 74 

7 DO 

— 

MRF261 

10W 

136 174 

9 00 

— 

MRF262 

15W 

136 174 

9 00 

— 

MRF264 

30W 

136 174 

1300 

— 

MRF607 

1 75W 

136 174 

3 00 

— 

MRF641 

15W 

407 512 

22 00 

49 00 

MRF644 

25W 

407 512 

24 00 

54 00 

MRF646 

40W 

407 512 

26 50 

59 00 

MRF648 

60W 

407 512 

33 00 

69 00 

SD 144 1 

150W 

136 174 

74 50 

170 00 

SD1477 

100W 

136 174 

32.50 

78.00 

2N3866* 

1W 

30 200 

1.25 

— 

2N4427 

1W 

136 174 

1 25 

— 

2N5591 

25W 

136 174 

13 50 

34 00 

2N6080 

4W 

136 174 

7 75 

— 

2N6081 

15W 

136 174 

900 

— 

2N6082 

25W 

136 174 

10.50 

— 

2N6083 

30W 

136 174 

11 50 

24 00 

2N6084 

40W 

136 174 

13 00 

31 00 

MISC TRANSISTORS 8 MODULES 


MR F 134 

$16 00 

SAV6 


$32 50 

MRF136 

21 00 

SAV7 


30.00 

MRF137 

24 00 

S10 12 


13 50 

MRF138 

35 00 

2SC1075 

25 00 

MRF140 

89 SO 

2SCI307 

500 

MRF150 

89 50 

2SC1946A 

12.00 

MRF172 

62 00 

2SC1969 

3.00 

MRF174 

80 00 

2SC2221 

10 00 

2N1522 

7 95 

2SC2269 

20 00 

2N4048 

7 20 

2SC2289 

22 00 

NE41137 

3 50 

2SC2312C 

4.00 

2N5590 

11 00 

2N5945 


10 00 

2N564? 

14 00 

2N5946 


13 00 


Selected, matched finals lo? Ii:«m Atlas Yaesu Ken 
wood Cubic. TW(- efr Technical assistance and cross 
reference on CD PT SD SRI and 2SC P/Ns 
Quantify parts usnrs. call lor quote 

WE SHIP SAME DAY • C.0.D./VISA/MC 

Minimum Order - Twenty Dollars 

(619) 744-0728 

P'f- 


RF PORTS 

1320 16 Grand Avenue 
San Marcos. CA 92069 
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Radio's guide to help you find your local 


California 


C & A ROBERTS, INC. 

18511 HAWTHORN BLVD. 

TORRANCE, CA 90504 

213-370-7451 

24 Hour: 800-421-2258 

Not The Biggest, But The Best — 

Since 1962. 


FONTANA ELECTRONICS 

8628 SIERRA AVENUE 
FONTANA, CA 92335 
714-822-7710 
714-822-7725 

The Largest Electronics Dealer in San 
Bernardino County. 


JUN’S ELECTRONICS 

3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
213-390-8003 
800-882-1343 Trades 
Habla Espanol 


Colorado 


COLORADO COMM CENTER 

4262 LOWELL BLVD. 

DENVER, CO 80211 
(303) 433-3355 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu, Encomm, ICOM 


Connecticut 


HATRY ELECTRONICS 

500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 06114 
203-527-1881 

Call today. Friendly one-stop shopping 
at prices you can afford. 


Delaware 


AMATEUR & ADVANCED COMMUNI¬ 
CATIONS 

3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 

Delaware’s Friendliest Ham Store. 


DELAWARE AMATEUR SUPPLY 

71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441-7008 

Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santee, KDK, and more. 
One mile off 1-95, no sales tax. 


Florida 


AMATEUR ELECTRONIC SUPPLY 

1898 DREW STREET 

CLEARWATER, FL 33575 

813-461-4267 

Clearwater Branch 

West Coast’s only full service 

Amateur Radio Store. 

Hours M-F 9-5:30, Sat. 9-3 


AMATEUR ELECTRONIC SUPPLY 

621 COMMONWEALTH AVE. 
ORLAND, FL 32803 
305-894-3238 

Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-5:30, Sat. 9-3 


Georgia 


DOC’S COMMUNICATIONS 

702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 

ICOM, Yaesu, Kenwood, KDK, Bird... 

9AM-5:30PM 

We service what we sell. 


Hawaii 


HONOLULU ELECTRONICS 

819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 

Serving Hawaii & Pacific area for 53 
years. 


Idaho 


ROSS DISTRIBUTING COMPANY 

78 SOUTH STATE STREET 

PRESTON, ID 83263 

(208) 852-0830 

M 9-2; T-F 9-6; S 9-2 

Stock All Major Brands 

Over 7000 Ham Related Items on 

Hand 


Illinois 


ERICKSON COMMUNICATIONS, INC. 

5456 N. MILWAUKEE AVE. 

CHICAGO, IL 60630 
312-631-5181 

Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:00-3:00 Sat. 


_ Indiana _ 

THE HAM STATION 

220 N. FULTON AVE. 

EVANSVILLE, IN 47710 
812-422-0231 

Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santee and others. 

&ASE for New & Used Equipment List. 


Maryland 

MARYLAND RADIO CENTER 

8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1212 

Kenwood, Ten-Tec, Alinco, Azden. Full 
service dealer. 

T-F 10-7 SAT 9-5 


Massachusetts 


TEL-COM, INC. 

675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
617-486-3400 
617-486-3040 

The Ham Store of New England 
You Can Rely On. 


_ Michigan 

ENCON PHOTOVOLTAICS 

Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 

Livonia, Michigan 48150 
313-523-1850 

Amateur Radio, Repeaters, Satellite, 
Computer applications. 

Call Paul WD8AHO 


_ Minnesota^ _ 

TNT RADIO SALES 

4124 WEST BROADWAY 
ROBBINSDALE, MN 55422 (MPLS/ST. 
PAUL) 

TOLL FREE: (800) 328-0250 
In Minn: (612) 535-5050 
M-F 9 AM-6 PM 
Sat 9 AM-5 PM 

Ameritron, Bencher, Butternut, Icom, 
Kenwood 


Missouri 

MISSOURI RADIO CENTER 

102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821-7323 
Missouri: (816) 741-8118 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 



YOU SHOULD BE HERE TOO! 

Contact Haw Radio now lor complete details. 
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Amateur Radio Dealer 


Nevada 

AMATEUR ELECTRONIC SUPPLY 

1072 N RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-3114 

Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat 9-3 

New Hampshire 

RIVENDELL ELECTRONICS 

8 LONDONDERRY ROAD 
DERRY. N. H. 03038 
603-434-5371 

Hours M-S 10-5; THURS 10-9 
Closed Sun/Holidays 

New Jersey 

KJI ELECTRONICS 

66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(301)239-4389 
Gene K2KJI 
Maryann K2RVH 

Distributor of: KLM. Mirage, ICOM, Lar¬ 
sen, Lunar, Astron Wholesale - retail 

QEP's 

110-4 ROUTE 10 

EAST HANOVER, N. J. 07936 

201-887-6424 

Bill KA2QEP 


Ohio 


AMATEUR ELECTRONIC SUPPLY 

28940 EUCLID AVE, 

WICKLIFFE. OH 44092(Cleveland Area) 
216-585-7388 

Ohio Wats: 1 (800) 362-0290 
Outside Ohio 1 (800) 321-3594 
Hours M-F 9-5 30. Sal. 9-3 


DEBCO ELECTRONICS. INC. 

3931 EDWARDS RD. 

CINCINNATI, OHIO 45209 
(513) 531-4499 
Mon-Sal 10AM-9PM 
Sun 12-6PM 

We buy and sell all types of electronic 
parts. 


UNIVERSAL AMATEUR RADIO, INC. 

1280 AIDA DRIVE 

REYNOLDSBURG (COLUMBUS), OH 
43068 

614-866-4267 

Featuring Kenwood. Yaesu. Icom. 
and other fine gear. Factory author¬ 
ized sales and service Shortwave 
specialists. Near 1-270 and airport 


Texas 


MADISON ELECTRONICS SUPPLY 

3621 FANNIN 
HOUSTON. TX 77004 
713-520-7300 
Christmas?? Now?? 

KENNEDY ASSOCIATES 

AMATEUR RADIO DIVISION 

5707A MOBUD 

SAN ANTONIO, TX 78238 

Stocking all ma|or lines San Antonio's 

Ham Store Great Prices — Great 

Service Factory authorized sales and 

service 

Hours M-F 10-6; SAT 9-3 


Wisconsin 


AMATEUR ELECTRONIC SUPPLY 

4828 W. FOND DU LAC AVE 
MILWAUKEE, Wl 53216 
414-442-4200 

Wise. Wats: 1 (800) 242-5195 
Outside Wise: 1 (800) 558-0411 
M-F 9-5:30 Sat 9-3 


Jim KA2RVQ 
VISA/Mastercard 
Belden Coaxial Cable 
Amphenol Connectors 
Hours: 9:30 am-7:00 pm 

New York 

BARRY ELECTRONICS 

512 BROADWAY 
NEW YORK,"NY 10012 
212-925-7000 

New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAIN STREET 
JAMESTOWN. NY 14701 
716-664-6345 

Call after 7 PM and save! Supplying all 
of your Amateur needs Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer 

North Carolina 

F&M ELECTRONICS 

3520 Rockingham Road 

Greensboro. NC 27407 

1-919-299-3437 

9AM to 7PM Closed Monday 

ICOM our specialty — Sales & Service 


Pennsylvania 


LaRUE ELECTRONICS 

1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
717-343-2124 

ICOM. Bird, Cushcraft. Beckman, 
Larsen. Amphenol. Astron, Belden, 
Antenna Specialists, W2AU/W2VS. 
Tokyo Hy-Power Labs, WELZ. Daiwa, 
Sony, Saxton, Vibroplex, Weller. 


Tennessee 


MEMPHIS AMATEUR ELECTRONICS 

1465 WELLS STATION ROAD 
MEMPHIS, TN 38108 
Call Toll Free: 1-800-238-6168 
M-F 9-5; Sat 9-12 

Kenwood, ICOM. Ten-Tec, Cushcraft. 
Hy-Gain. Hustler, Larsen, AEA. 


REPEATER VOTER 



4RV Four Channel Repeater Voter 

• Signal to Noise Type 

• Expandable to 32 Channel by Just Adding Cards 

• Designed tor Commercial and Amateur Service 

• Continuous Instant Voting 

• Dual or Single 12 Volt Supply 

• LED Indicators of COR and Voted Signals 

• Front Mounted Level Pols 

• Built in Calibrator 

• Remote Voted Indicators Pinned Out 

• 4Vy * X 6* Double Sided Gold Plated 44 Pin Card 

• Unsquelched Audio Input 

• On Board Audio Switching and Mixing 

• Audio Mixer Input Available for External Input 

• Open Collector or Relay Contact Input 

• Open Collector NPN Output 

• Remote Disable Inputs 

• More 

4RV Kit including board and parts with 20 ps 

manual $200 

Built, tested, andcalibrated with manual $350 

For more intormatlon call or write: 

VOTER Hall Electronics J° 14) 

SIS E. Hudson Street 58 ' 1 

olumbus, Ohio 43211 


Mirage, Amentron. etc 
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RATES Noncommercial ads IOC per word; 
commercial ads 60C per word both payable 
In advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


DX ANTENNAS FOR 160-10 METERS. Small size, broadband, 
high performance. Also, antenna parts, Beverage insulators, wire 
and cable. Low prices and fast service. SASE for catalog. W1FB, 
Oak Hills Research, POB 250, Luther, Ml 49656 


CABLE TV CONVERTERS & EQUIPMENT: Plans and parts 
Build or buy. SASE for information. C €f D Electronics, PO Box 
1402, Dept. HR, Hope, AR 71801. 


COLLINS STATION 75S3 receiver, 32S1 transmitter, 516-F 
speaker and P/S, connecting cables, extra clean $600. K6KZT, 
2255 Alexander, Los Osos, CA 93402. 


WANTED: Meter for Gonset GSB-100 transmitter. Gary Embler, 
732 College Avenue, Palo Alto, CA 94306. (415) 424-1483. 


Foreign Subscription Agents 
for Ham Radio Magazine 


Ham Radio Austria 
Karin Ueber 
Po9l(ach 2454 
D-7B50 Loerrach 
West Germany 

Ham Radio Belgium 
Stereohouse 
Brusaefsesteenweg 416 
B-9210 Gent 
Belgium 

Ham Radio Holland 
Postbus 413 
NL 7800 Ar Emmen 
Holland 

Ham Radio Europe 
Box 2084 

S-194 02 Upplands Vasby 
Sweden 

Ham Radio France 
SM Electronic 
20 b»s. Ave des Clarions 
F-89000 Auxerre 
France 

Ham Radio Germany 
Karin Ueber 
Posttach 2454 
Q-7850 Loerrach 
West Germany 


Canada 
Send orders io 
H am Radio Magazine 
Greenville, NH 03048 USA 
Prices >n Canadian funds 
1 yr $29.95, 2 yrs $53.30 
3 yis. $75.40 


Ham Radio Italy 
Via Maniago 15 
f-20134 Milano 
Italy 


Ham Radio Switzerland 
Karin Ueber 
Postfach 2454 
D-7850 Loerrach 
Wes! Germany 


Ham Radio England 
cJo R.S.G B 
Alma House 
Cranborne Road 
Potters Bar 
Herts 6N6 3JW 
England 


CONTENTS SHACK: List SASE Ken Hand, WB2EUF, Box 
708, East Hampton, NY 11937 


DISCOUNT CATV CONVERTERS/DECODERS and Video ac 
cessories. Send for free information and prices - it could save 
you BIG MONEY on your next purchase of these and other 
CATV items. Easy View, (HR) PO Box 221, Arlington Heights, 
Illinois 60006. (312) 952-8504. Ask for Rudy Valentine. 


ELECTRONIC DESIGN experienced in RF, Audio, and 
Microprocessors. Complete laboratory and facilities. John Bat 
tie & Associates, 1000 South Peachtree #101, Norcross, Geor¬ 
gia 30071. (404) 449-8536. 

WANTED: Operations manual Hammarlund 105TR. Andy Nagy, 
1444 Dill Road, South Euclid, Ohio 44121. 


YAESU OWNERS: Hundreds of modifications and improve¬ 
ments for your rig. Select the best from fourteen years of genuine 
top-rated Fox-Tango Newsletters by using our new Comprehen¬ 
sive Index. Only $4 postpaid with Rebate Certificate creditable 
toward Newsletters purchases. Includes famous Fox-Tango 
Greensheet and Filter information for your rig (if specified). 
N4ML, FTC, Box 15944, W. Palm Beach, FL 33416. Telephone 
(305) 683-9587. 


IBM-PC RTTY/CW. CompRtty II is the complete RTTY/CW pro¬ 
gram for the IBM PC and compatibles. Virtually any speed AS¬ 
CII, BAUDOT, CW. Text entry via built-in screen editor! 10,000 
character transmit/receive buffers. Adjustable split screen dis¬ 
play. Instant mode/speed change. Hardcopy, diskcopy, break- 
in buffer, select calling, text file transfer, customizable full screen 
logging, 24 programmable 1000 character messages. Now with 
WRU (simple mailbox). Ideal for MARS and traffic handling. Re¬ 
quires 128k PC, XT, AT, PCjr, PC-DOS, serial port, RS-232C 
TU $65. Send call letters (including MARS) with order. David 
A. Rice, KC2H0, 7373 Jessica Drive, North Syracuse, NY 13212. 


ATTENTION AMATEURS Send for Free discount catalog. 
Amateur Communications, 2317 Vance Jackson, San Antonio, 
TX 78213. (513) 734-7793. 

BEAM HEADING CHART, 10 page report in binder with 9 data 
fields calailated from your exact Q7H to over 540 DX locations. 
$9.95 from John Daley, KB6JGH, PO Box 4794, San Jose, CA 
95150. 


8877 VHF AMP KITS: HV power supplies, CX600N relays, Mu- 
Tek LTD front end boards for IC251/IC271, EME newsletter and 
QRO parts. SASE for new catalog. KB7Q, "Q" Products, 417 
Staudaher Street, Bozeman, MT 59715. 

ANNOUNCING Iowa's new Computer BBS. (319) 557-9659. 24 
hours per day. Contact User -8, AI9D for more information. 

IBM/APPLE COMPUTER full feature log program, "Hamlog". 
Send SASE KA1AWH, Box 2015, Peabody, MA 01960. 


TRANSFORMERS wound to 300 watts. Peter Robson Co., 18 
Washington Trail, Hopatcong, NJ 07843. 

ELECTRON TUBES: Radio, TV & Industrial Types - Huge in¬ 
ventory. Send for 80% off tube listing. Call Toll Free (800) 
221-5002 or write Box HR, Transleteronic, Inc., 1365 39th Street, 
Brooklyn, NY 11218 (718) 633-2800. 

THE GOOD SAM HAMS invite RV operators to check in the 
Good Sam Ham net 14.240 Sundays 1900Z also 3.880 Tuesdays 
at 23S9Z. Net control N5BDN, Clarksville, IN 


OLD RADIO transcription discs wanted. Any size, speed. 
W7FI2, Box 724 HR, Redmond, WA 98073-0724. 


RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$10.00. Beginners RTTY Handbook $8.00. PO Box RY, Cardiff, 
CA 92007 

IMRA, International Mission Radio Association helps mission¬ 
aries. Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother Frey, 
1 Pryer Manor Road, Larchmont, New York 10538. 


RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. SASE 
brings information. 


ELECTRON TUBES: Receiving, transmitting, microwave... all 
types available. Large stock. Next day delivery, most cases. Daily 
Electronics, PO Box 5029, Compton, CA 09224. (213) 774-1255. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. Hein Specialties, Inc.. Dept 301, 4202 N. Drake, 
Chicago, IL 60618, 


RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter, 2697 Nickel, San Pablo, CA 94806. 

PRINTED CIRCUIT BOARDS and kits for QST articles. Call 
or write for information. A&A Engineering, 7970 Orchid Drive, 
Buena Park, CA 90620. (714) 521-4160. 

CABLE TV CONVERTERS/DESCRAMBLERS. Guaranteed 
lowest prices in US. Jerrold, Hamlin, Zenith- - Many others. 
Lowest dealer prices! Orders shipped within 24 hours! Master¬ 
card, VISA, COD accepted.Free Catalog - call (800) 345-8927 
only Pacific Cable Co., Inc., 7325-1/2 Reseda Blvd,#1014, Rese¬ 
da, CA 91335. (818 ) 716-5914. 

CHASSIS and cabinet kits. SASE K3fWK, 5120 Harmony Grove 
Road, Dover, PA 17315. 


COMING EVENTS 

Activities — “Places to go . ..” 

PENNSYLVANIA: The Nittany Amateur Radio Club's annual 
Mt. Nittany Ham Festival, July 12, Firemen's Carnival Grounds, 
Pleasant Gap. 8 AM to 4 PM. Admission $3.00 per ham. Spouses 
and children free. Flea market space $5 includes admission. Pro¬ 
gram and good food available. Talk in on 146.16/.76 (north and 
west) 146.25/.85 (south and east) and 146.52. For information: 
Chuck McMullen, K3CM, 7 Holly Circle, State College, PA 
16801. 


MARYLAND: BRATS Hamfest and Computerfest, sponsored 
by the Baltimore Radio Amateur Television Society, Sunday, 
July 27, Howard County Fairgrounds, Rt. 144 at Rt. 32, West 
Friendship. Indoor tables with AC power $20 each; 4/S75. 
Without AC power $10 each; 10/$95 by advanced registration 
only. Dealer setup Saturday 2 PM. Sunday tailgating space $4 
per space. Free VE exams 11 AM Sunday, no advanced regis¬ 
tration required. Talk in on 63/03, 16/76 and 52. For informa¬ 
tion and reservations: W3GXK, BRATS, PO Box 5915, 
Baltimore, MD 21208. 


MICHIGAN: The 38th annual upper Peninsula Hamfest, spon¬ 
sored by the Delta County Amateur Radio Association, Satur¬ 
day, August 2, Bay De Noc Community College, Escanaba. 
Registration $2. Activities, meetings, swap and banquet. For in¬ 
formation :Aileen Gagnon, WA8DHB, Co-Chairman, 9159 Bay 
Shore Drive, Gladstone, Ml 49837. 


WEST VIRGINIA: The 27th annual West Virginia State ARRL 
Convention, Friday evening July 4 through Sunday, July 6, Jack¬ 
son's Mill State 4-H Camp near Weston, Lewis County. Recep¬ 
tion Friday evening. Exhibits, tech forums, equipment auction 
and pizza party. Free flea market space for registrants. Plenty 
of family fun. For information:Sue Goodwin, 103 Cleveland 
Avenue, Nitro, WV 25143. 


KENTUCKY: The Central Kentucky ARRL Hamfest, sponsored 
by the Bluegrass Amateur Radio Society, Sunday, August 10, 
8 AM to 4 PM, Scott County High School, Longlick Road and 
US Rt. 25, Georgetown.Tickets $4.00 advance; $5.00 at the gate. 
Tech forums, license exams, awards and exhibits. Air- 
conditioned facilities. Free outdoor flea market space. For in¬ 
formation or tickets: SASE to Scott Hackney, KI4LE, 629 Craig 
Lane, Georgetown, KY 40324. 


PENNSYLVANIA: The 49th annual Hamfest sponsored by the 
South Hills Brass Pounders and Modulators ARC, Sunday, Au¬ 
gust 3, south campus of Allegheny Community College, West 
Mifflin, 7 miles south of Pittsburgh. Talk in on 146.13/73 and 
146.52. For information: Doug Wilson, WA3ZNP, 185 Orchard 
Avenue, Emsworth, PA 15202. 


NEW YORK: Electronics Extravaganza sponsored by the Put¬ 
nam Emergency Amateur Repeater League, Saturday, August 
16, J.F. Kennedy Elementary School, Brewster. 9 AM to 4 PM. 
Admission $3.00. Children under 12 free with adult. Food and 
refreshments available. Indoor tables, with one admission, 
$10.00. Tailgating $5.00. FCC exams. Limited walkins. Talk in 
on 144.535/145.135. For table reservations or information: R. 
Dillon, N2EFA, RFD 7, Noel Court, Brewster, NY 10509. 


PENNSYLVANIA: The Mid-Atlantic Amateur Radio Club's an¬ 
nual Hamfest, Sunday, August 10, Bucks County Drive-in Theat¬ 
er, Rt. 611, Warrington. 8 AM to 3 PM. Rain or shine. 
Admission $3.00 plus $2.00 for each tailgate space. Bring your 
own tables. Talk in on WB3JOE/R, 14 7.66/.06 or 146.52. For 
information: MARCBox 352, Villanova, PA 19085 or call Bob 
Josuweit, WA3PZ0 (215) 449-9727. 


TEXAS: Texas State ARRL and Texas VHF/FM Society's joint 
convention, July 11-13, El Tropicano Hotel, 110 Lexington, San 
Antonio. Hospitality suites, licensed day-care, QCWA breakfast, 
Saturday evening banquet. ARRL forum. For information.-Melvtn 
H. Anderson, Jr, 8932 Saddle Trail, San Antonio, TX 78255 (512) 
698-1712 or 698-1714. 


NEW JERSEY: SCARC '86, sponsored by the Sussex County 
ARC, July 19, Sussex County Fairgrounds, Plains Road, Au¬ 
gusta. Doors open 8 AM. Registration $3.00. indoor tables $7.00 
each. Tailgate space $5.00. Food and refreshments. Free park¬ 
ing. Talk in on 147.90/30 and 146.52. For information: Donald 
R. Stickle, K20X, Weldon Road, RD 4, Lake Hopatcong, NJ 
07849. (201) 663-0677. 


PENNSYLVANIA: The Murgas Amateur Radio Club's 7th an¬ 
nual Hamfest, July 6, Ice-A-Rama in the Coal Street Sports Com¬ 
plex, Wilkes-Barre. Setup 6 AM. General admission 8 AM. 
Tables available by advance reservation. VE exams. Talk in on 
146.61, 53.61 and 146.52. For information or to register for VE 
exams cat! (717) 388-6863. 


INDIANA: The WA9SNT Amateur Radio Club will hold its an¬ 
nual Swapfest, August 9, ITT Technical Institute, 9511 Angola 
Court, Indianapolis. 8 AM to 4 PM. General admission $2.00. 
Students $1.00. Flea market space $1.00 additional. Setup time 
6 AM. Auction, large flea market, refreshments avialable. ITT 
Technical Institute will hold an open house during the Swap 
fest. All interested are invited to tour the facilities. For addition 
al information: Dave Johnston, K9HDQ, c/o ITT Technical 
Institute, 9511 Angola Court, Indianapolis, IN 46368. (317) 
875-8640. 


WISCONSIN: The Eau Claire Amateur Radio Club's annual Ham¬ 
fest, Saturday, July 12, 4-H Buildings in Eau Claire. 8 AM to 
4 PM. Tickets $3.00. Free tables and coffee. Talk in on 31/91 
and 52 simplex. For information/tickets SASE to Gene lieberg, 
KA9DWH, 2840 Saturn Avenue,Eau Claire, Wl 54703. 
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WISCONSIN: Thi* South MMw.tukiw? Amateur Radio Club % an 
nual SwapfMt, Saturday, July 12. American legion Pont 434 
9327 South Shepard Avenue. Oak Creek 7 AM to 4 PM Park 
ing. picnicking, food and refreshments available Admission 
$3 (X) includes floppy time" with tree beverages The Mitwou 
ktxt Volunteer Core Group will conduct Amateur Radio eiams 
during the day For more details, including a map write South 
Milwaukee ARC. PO Box 102. South Mrfwoukee W153172 010? 

1986 BLOSSOMLAND BLAST ’ Sunday October 5 1986 
Write BLAST PO Box 175. St Joseph. Ml 4908b 

CALIFORNIA:FCC exams. Novice Extra Sunnyvale V£C ARC 
(4081 2% 9000 24 hour 73. Gordon. W6NLG. VEC 

PENNSYLVANIA (McadviHo) July 5 Firecracker Hamlest by 
Cr.iwfnrd Amateur Radio Society Electronics radios 
computers New location at Meadville Recreation Center just 
of* Rt 77 E in Meadville All indoors no rain out One Olympic 
and two child-we deluxe swim pools with lockers and showers 
and other sports available in Center Free mdoo* tleamarket 
space, bring table Dealers free indoor space and tablelsl avail 
able by preregritralion. reserve early Admission adult $2 00, etui 
dr«n free, swimming for small extra Talk in 144 53 145 13. 
W3MII H For information write CARS Homiest 86. PO Bo* 
663 MeatMte. PA 1633b or cM Ban Ferer. KF3F. 814 724 243? 

BRITISH COLUMBIA: Maple Ridge Hamfest. July 12 and 13 
St Patricks Center, 22589 121 Avenue. Maple Ridge Adorn, 
sion H ims 56 00 non hams over 1? 53 00 Under 12 fioe Two 
hams m family $9 00 Commercial displays, flea market, food, 
children s programs Nearby shopping and recreation areas 
Camper «poco. no hookups T.itk in on 146 20 80 and 146 34 94 
For mom information Bob Haughton. VE7BZH. Box 292 Ma 
pie Ridge BC V2X 7G2 or phone (604» 467 491b 

WEST VIRGINIA Tin, 8th annual TSRAC Wheeling Ham 
lost Computer Fair. Sunday. July 20. Wheeling Park 9 AM to 

4 PM WV s largest Dealers welcome 30.000 s<| ft under roof 

5 acres of flea market Family activities at Park Admission $3 00 
m advance. $4 00 at door To reserve space contact Joy Paulo 
vtcks. KD8GL RD 3 Box 238. Wheeling. WV 26003 13041 
232 6796 For tickets TSRAC Box 240 RD 1. Adana. OH 43901 
16141 S46 3930 

INDIANA- The 16th annual Indiana ARRL Convention and In 
dwmapofas Hamfest. Saturday and Sunday July 12 and 13. Man 
on County Fairgrounds. Indianapolis Featuring the largest 
electronic flea market and new Amateur Radio (equipment drs 
play m the state Gate fees 5b 00 with tree parking on grounds 
Gates open 6 AM l arye coveted flea market Inside tables 58 
each 2m Fox Hunt, homebrew contest OSL card contest Free 
camper hookups available on grounds Nearby restaurants amt 
motels For information contact Bill Evans. WB9BEN (3171 
74b 6389 

MASSACHUSETTS. The MIT UHF Repeater Association and 
the MIT Radio Society offer monthly Ham Exams AW classes 
Novice to Extra Wednesday. July 73, 7 PM MIT Room I 134 
77 Mas?. Avenue. Cambridge MA Reservations requested 2 days 
m advance Contact Ron Hoffmann (6171 253 0160 646 1641 or 
Craiyc Rodgers 16171 494 1986 Exam fee $4 25 Bring copy of 
current license (if any!, two forms of picture 10 and completed 
form 610 available trom FCC m Boston (223 66091 


OPERATING EVENTS 

“Things to do . . 

OHIO STATE FAIR Special Event August 1 17 Listen lor 
W8TO 80 10 meters Exchange QTH and RST AM correspon 
dunce and requests for awaids to ARS W8TO. att State Fair 
event i oordinaior. 280 East Broad St. Columbus Ohio 4321b 

The Eastern Michigan ARC will operate K8EPV during the an 
r»ual Port Huron to Mac mac Island Yacht Race. July 19 20 14002 
lo 02002 both days For certificate tend OSL and SASE to CBA 
or 6b4Gnorgia. Marysville Ml 48040 

High Plains ARC will oprvate K7YPT at historic Fort Laramie 
July 4 and b OSl for business SASE lo K7YPT PO Bo* T 
Tomngton. WY 82240 

The Texas ARRL and VHF/FM Society convention, Alamo 
City, W5SC continues the San Antonio Sesqwcentenmal 
cotet mil ion of Texas independence July 12 lo 13 10. lb and 
20 meters QSl No 10 envelope SASE to WbSC 90 Breus 
Blvd, San Antonio, TX 78209 

ALBANY.NY.m ••Mmifiny its 300th anniversary The year long 
activities will peak during Tncenfonmal Week. July 18 22. 1986 
Tin* Altiany Amateur Radio Association will be providing pubhc 
servM o communication for events ami special QSL cards as well 
as sponsoring the ' Worked Altiany Radio Members" WARM 
Award 

OKLAHOMA Amateur Radio operators will conduct thee 3rd 
annual 'Fiokl Day exercises Saturday and Sunday. July 12 and 
13. lake Canton trugittniny 2 PM Saturday and continuing 
through noon Sum lay in cnri|unctiori with the annual IAHU Radi 
osport DX Contest. For information Tmi Mauldin WAblTM 
Lake Canton Field Day. F*0 Box 19097. Oklahoma City. OK 
73144 14051 571 5048 

EAST AURORA. NY. July 27 12th annual Racing Day Pioneer 
Radm Operators Society will operate W20FC to help the com 
mumty celebrate its heritage as a turn of the century capital of 


(weeding and tor wig r hampiori horses OSL with business SASE 
to W2QFC. 308 Parkdale avenue East Aurora. NY 14052 

The Illinois Valley ARC w-M Operate special event station 
KD9UL to commemorate the 25lh anniversary of manned 
spaceflight m conjunction with the Spaceweek ever it 1300 UT C 
to 0100 UTC For a certificate ami OSL. send SASE arwf your 
QSL to Bruce Boston KD9UI 815 East Thwd Street. Beard 
stown. IL 62618 

ACB RADIO AMATEURS a special interest affiliate of the 
American Council of the Blind I ACB I will operate special event 
station KW4U from 0000Z June 79 to 2400 2 July 5 from the Hd 
ton Hotel in Knoxvriie. TN wi conjunction with ACB's silver an 
mversary convention Submit OSL card confirming QSO with 
KW4U during convention week and receive an attractive com 
memo#ative certificate Send QSL's to John McCann. KW4U 
2105 N Illinois Street Arlington VA 2220b 


CHARGE 9* 

YOUR CLASSIFIED ADS 
to your MC or VISA, write or call 
HAM RADIO MAGAZINE 
Greenville. NH 03048 
(603) 878-1441 


40m Phased Array 
—the Easy Way! 



OPTI • PHASOFT by BaileyTech 

■ Change direction instantly 

■ High F B. adjustable phasing 

■ Low SWR over entire 40m band 

■ Just 2 dipoles gives 4 db gain 

ff'HQ qc Also arable with matched 
3>llc7 aJ qipoies and teed ones 

Chock, MO. VISA. M/C 
Call or Write for Complete Catalog 
TET Antennas. Larsen. Hy-Gam, 
Alpha Delta, etc 

sUiSoNics 

1687 U S. 68 N Xenia, OH 45385 
(513) 376-2700 




COLLINS 

KWM-380 

KEYBOARD 


Pipo Commumc.i 
lions Has Thr Key 
board That Is Usrd 
With The Collins 
KWW 3B0 For 
Remote Entry 



KEYBOARD MOUNTING FRAME A SHIPPING $25 
To know more about our Touch Tone - Encoders 
CALL OR WRITE FOR FREE CAt ALOG & 

INF OHM A I ION GUIDE 
Pipo Communications 
P O Box J4Jb • Hollywood CA 90078 

213 852 1515 *AI4l 


‘pipo Communications' 

Emphasis it on Quality 8 Reliability 
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The 

Professional 
Meter for 
Amateur 
Radio. 



The slandard ol the electronics industry 
is setting a new standard tor amateur 
radio use as well 

The Fluke 77 multimeter is ideal lot 
testing and repairing any amateur radio 
gear Its inexpensive, easy to use. and tilled 
with professional tenures Plus a lull line 
ot accessories lei you measure high fre¬ 
quency, high voltage and current and tern 
perature Made in the U S A arid backed 
by a 3-year warranty the new Fluke 77 
is the world's lust handheld metei lo 
combine analog and digital displays. 

For a tree brochure or the distributor 
nearest you. call toll-tree 1-800-227-3800, 
ext. 229. Or write John Fluke Mfg Co 
Inc PO Box C9090 Everett WA 98206 
Distributor programs available 

FROM THfc WORLD LEADER 

IN DIGITAL MULTIMETERS. 


FLUKE 73 

FLUKE 75 

FLUKE 77 
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Don’t bay from Hamtronics ... 

Unless you want the best possible equipment 
at the lowest possible price! ! ! 

The "wheeler-dealer" is back and he's beating 
everyone else's "deals." 

We all know there's no such thing cis a free lunch . . . 
so How Can We Do This? 

• We don’t run alot of ads featuring sale items 

• We don’t spend alot of money on full page ads 

• We don’t have sales on just the fastest selling 
products 

• We don't short cut you on service We are a factory 
warranty repair facility for everything we sell! 

• We don’t mail out free catalogs 

• We don’t have a free WATS number 

You and every other Ham customer is paying for all 
these do-dads and sales gimicks 
Hamtronics puts the savings into your pocket 
Hamtronics guarantees to meet or beat any advertised 
price on every item we sell. 

Hamtronics Has It All! 

Let Hamtronics be your Ham Radio equipment dealer 
We re celebrating our 35th year in the Ham business 
at the same location 





A DIVISION OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE RD , TREVOSE. PA 19047 
(215) 357-1400 


RECEIVE OSCAR 10 TELEMETRY 



PSK DEMODULATOR— ^ 

decodes satellite’s housekeeping status 
reports, environmental data collected and ^ 
plain text bulletins 

INPUT— 

audio output of SSB receiver or cassette player. 

OUTPUT— 

RS232 compatible serial bit stream at 1200 baud 


ELEMETRY M 

Complete Kit 

S139.95 M\\ 

anc 

ig status i 

ected and \ 

cassette player 


1986-87 

CATALOG 

$1.00 




RADIO KIT 
BOX 411H 
Greenville. NH 
03048 

(803) 878-1033 
telex 887697 


• Covers 100 MHz to 199 999 MHz in 
1 kHz steps with thumbwheel dial • 
Accuracy +/- 1 pari per 10 million at all 
frequencies • Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate • External FM 
input accepts tones or voice • Spurs and 
noise at least 60 dB below carrier • Out¬ 
put adjustable from 5-500 mV at 50 Ohms 

• Operates on 12 Vdc @ V 2 Amp • 
Available for immediate delivery • $429 95 
delivered • Add-on accessories available 
to extend freq range, add infinite resolu¬ 
tion. AM. and a precision 120 dB attenuator 

• Call or write for details • Phone in vour 
order for fast COD shipment 

VANGUARD LABS " " 2 

196-23 Jamaica Ave . Hollis. NY 11423 
Phone: (718) 468-2720 Mon. thru Thu 


r 
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BELOEN 9911 Low Lo^Cable 
100II. Sup 38«/fl.Upto99(t. - 394/fl. ’ 

BELDEN92S8 RC 8X 
$160 per IOOOfl. or t/C/it. 

BELDEN 8ZI4 RG-8 

Up lo 99 ll. 154/(1. 100 it. and up 134/ft. 
Amphenol < annex, tors 
UC 2ID N Mjlrrdlilerml 4 iMI 

DC .’ID Irtledfur BHili-n '**• I i 4 so 

U.2'*A N Barrelconrwtior 4 75 

UC. SB A N i ( h.iNMs mount 150 

UC 146 S huttlaUMt |4lk ? r »0 

UC. «4 V UMiil'MI pliiK M 50 

PI 259 UHI Mali-i.ihlr 4-mi vlvvi IBS 

Pi J5H lf|t( H.irrH inn mi lor 2 f HI 

l'(< I 75 Ri-tlm t*t loi K(. 5B«.ihlr 15 

UC I'li K#ttii<4*» for KG VI-MmiX 15 

U4.8H HM Pluftfol R< .'INI 

UC* 26UH Bl N PtuR tur KC 5*1 2 10 

UC. 260B BN< Plug MimK litl«*d 4 00 

8 gauge hook-up wire 28C/ft 

Perlw I tor |K>wrr lupphn Red or Bl*( K only 
COMPlt T( STOCfc SAMI DAY SHIPPING 

•JJ U S. Geological Survey Maps 

I omplrtf N | mdrt m Hoik plus 

Z01 - 88Z- 6424 /T\ rpri-Tl® 

110-4 Route 10 (Oj P p'fi J 

E Hanover N | 07936 S/Lb Ll g) 




HEWLETT-PACKARD 
1707B SCOPE 


Portable dual-trace DC 10 

□ i ■—*— , 75 MHz scope with 6x10 

• cm display and - 4 7 nS 

• . • risellme Deflection 10 
. .. • mv 5 V div in 9 ranges 

\ * . t Sweep 0 1 uS 2 S div in 

«* ' | 23 ranges, delay 0 1 

I uS - 0 2 S div 7 8 ■ 
^12 8x16. 32 lbs sh HP 
quality at import price, 
used-checked w book. 8795 00 

HP-851 B 8551B SPECTRUM ANALYZER, popular 10 1 
MHz—40 GHz unit, 60 db dynamic range 
20 • 16 8 x 18 6 140 lbs sb Used with BW oscillator 
output. SI500 00 

Prices FOB Uma 0 • VISA MASTERCARD Accepted 
Allow lor Shipping • Send lor New FREE CATALOG 86 
Address Dept HR ■ Phone 419-227-6573 


FAIR RADIO SALES 

1016 I EUIEKA - Bos DOS - UMA. OHIO - 45807 
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new technique uses 
lasers to etch 
microchips 

In the traditional process for 
manufacturing ICs, as many as 100 in¬ 
dividual steps may be required. Each 
step introduces the possibility of error 
and increases the risk that the finished 
product will contain some flaw that 
renders the chips unusable. Depend¬ 
ing on the size and complexity of the 
chip, less than half of the finished 
wafer may yield acceptable chips, leav¬ 
ing the surviving chips to recover the 
entire cost of fabrication. 

Not surprisingly, 1C manufacturers 
are constantly seeking ways to im¬ 
prove yield and reduce costs. In one 
new technique, a laser used as a pho¬ 
toetching device scans the surface of 
a silicon wafer in the presence of cer¬ 
tain gases. Under static conditions, 
these gases have no effect on silicon; 
the energy of the laser, however, 
decomposes the gases into com¬ 
pounds that define active elements 
and interconnects by either etching 
away unwanted material or by depo¬ 
sition onto the substrate. The source 
and drain regions of a transistor are 
made by doping the silicon with phos¬ 
phorus, which the laser creates by 
breaking molecules of phosphine gas. 
Hydrogen chloride, which serves as an 
etchant, is activated by the thermal 
energy of the laser beam. Intercon¬ 
nects on the chip are made by similar¬ 
ly decomposing gases that contain 
tungsten, nickel, and polysilicon. 

One of the major incentives for this 
new method is a national program, led 
largely by the Departments of Defense 
and Energy, to develop new classes of 
supercomputers. Much of this work 
has been done at the Lawrence Liver¬ 
more National Laboratory, where ex¬ 


periments indicate that the technique 
can produce as many as 1000 transis¬ 
tors per second. At this rate, it would 
be possible to fabricate supercomputer 
chips — consisting of about 100,000 
transistors each — at the rate of one 
per day. 

Other exciting possibilities include 
repairing damaged high-value chips 
and turning a new design into a pro¬ 
totype chip in one day or less, as op¬ 
posed to today's turnaround time of 
one to four weeks. 

One company (XMR of Santa Clara, 
California) already offers commercial 
equipment for this technology. If the 
technique achieves its promise, we can 
expect a whole new generation of 
advanced-capability semiconductors. 

"WaferScale" integration 

Still on the subject of semiconduc¬ 
tors, and one of the major beneficiaries 
of laser fabrication, is another tech¬ 
nique just coming into its own — 
WaferScale integration. This tech¬ 
nique uses the surface of a silicon 
wafer to implement an entire function¬ 
al capability. Examples include com¬ 
plete 32-bit microprocessors, with 
memory and all relevant I/O functions, 
a "silicon" hard disk with 20Mb of 
storage, RAM speed, and all disk con¬ 
troller functions on a single wafer. 

This technique promises to make 
very complex functions available in a 
single package. But this improvement 
is not without peril. Because of the 
large amount of circuitry and the ex¬ 
tensive processing required on such 
devices, any mistake in fabrication 
results in a very expensive piece of 
scrap. Also, the large number of cir¬ 
cuits and functions possible with WSI 
makes packaging considerations a 
major concern; it may be necessary to 


have hundreds of pins on a very com¬ 
plex functional element — more than 
can now be accomodated. However, 
the general benefits of WSI seem to 
justify the complexities of making such 
devices, and within the next few 
months the first few WSI products are 
expected to be announced. 

new super-magnet 
makes smaller motors 

An essential component of many 
motors is the large, heavy permanent 
magnet associated with the non- 
excited element of the motor. Magne- 
quench™, a new product developed 
by the Delco Division of General Mo¬ 
tors, is about 25 percent stronger than 
any other known magnetic material. 

Currently, the most widely used 
high-power magnets, composed of 
samarium-cobalt, are expensive and 
difficult to manufacture. But GM's 
new material is so low in cost that the 
auto maker plans to use the material 
in starter motors on some 1986 cars. 
GM reports that only 5 ounces of the 
material are needed for the newly 
designed motors. 

This tremendous saving in weight 
and size offers several benefits. Using 
a smaller, lighter starter, for example, 
simplifies design of the engine area. 
Using Magnequench instead of con¬ 
ventional magnets in all the control 
motors of a car would presumably 
produce a measureable effect on fuel 
economy as well. 

Because samarium-cobalt is the 
material sometimes used to make very 
small, high-performance loudspeakers, 
it should be interesting to see if the 
speakers manufacturers put in our HTs 
get any better as supermagnets be¬ 
come more widely available. 
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STUDY GUIDES 

AMECO STUDY GUIDES 

Designed ior VEC Exams 

AMECO study Guides are taken from the FCC Ama¬ 
teur Exam syllabus, PR-1035 and have answers 
keyed to ARRL's recently released study material. 
These study guides are compatible with ARRL and 
all other VEC Exams. While nothing can guarantee 
that you will pass, AMECO Study Guides will make 
sure that you are fully prepared and ready to go 
when you sit down for the exam. Written in clear, 
concise, easy-to-read format, each question fully 
explained. Novice and General books cross refer¬ 
enced to AMECO’s 102-01 for a more thorough 
explanation. 

127-01 Novice Class Softbound $3.50 

112-01 General Class Softbound $4.95 

l 126-01 Advanced Class Softbound $4.95 

I 17-01 Extra Class Softbound $4.95 

IAM-1 Get All Four $14.95 

ARRL Q&A LICENSE MANUALS 

ARRL Q&A License Manuals are keyed to the latest 
FCC Exam syllabi now in use by the Volunteer 
Examiners. These books are written in an easy-to- 
read conversational style that enhances understand¬ 
ing without scaring the student away. All technical 
subject areas are explained in clear terminology and 
with plenty of illustrations, diagrams and schematics. 
Rules are also fully covered. Each book has the offi¬ 
cial ARRL multiple choice question Pool with 
answers and a key to the FCC Exam syllabus for 
reference to other study publications. These are the 
study guides to have. All books. © 1985 1st Edi¬ 
tions. 

( IAR-TG General Softbound $5.00 

l IAR-AG Advanced Softbound $5.00 

l IAR-EG Extra Softbound $5.00 

IAR-SG Get All Three $12.95 

NEW TITLES 

FIRST STEPS IN RADIO 

by Doug DeMaw, W1FB 

This new anthology has been taken from DeMaw’s 
'84 and 85 series in QST magazine. It has been writ¬ 
ten to give beginners the basic electronic theory 
needed for upgrading and the ins and outs of how 
radios work. Using a building block approach. 

DeMaw first explains what the different componants 
are, then assembles them into basic circuits and 
ends up with how these circuits work in your radio. 
You also get articles on antennas, propagation and 
beginners level RFI problems and suggestions on 
how to resolve them. Great review for more 
experienced Hams. Perfect for the beginner. © 

1985. 

AR-FS Softbound $4.95 

LANDMOBILE AND MARINE RADIO 
TECHNICAL HANDBOOK 

by Edward Noll, W3FQJ 

This is THE HANDBOOK for those who operate, 
install or service two-way radios. Covers private 
landmobile services, marine radiotelephone and radi¬ 
otelegraph, marine navigation and Citizen’s Band. An 
excellent reference book for those studying to pass 
the NABER technician certification exam. Areas 
covered include: transmission characteristics and 
modulation systems, basic solidstate theory, digital 
and microprocessor electronics, antenna systems, 
test equipment, repeaters and much more. © 1985 
1st edition 576 pages. 

: 122427 $24.95 

THE COMMODORE 

HAM’S COMPANION by Jim Grubbs, K9EI 

Here's your guide to using the Commodore C-64 
computer in your Ham shack. Good solid information 
on where to find software and hardware for CW, 
RTTY, AMTOR, SSTV, propagation prognostication, 
antenna modeling, satellite tracking and much more. 
Includes a list of over 80 sources of software and 
hardware. Also includes a bibliography of over 60 
magazine articles and reviews about using the Com¬ 
modore. '985. 160 pages, 1st edition, 
i jJG-CC Softbound $15.95 

Please add $3.50 to cover 
postage and handling. 

Ham Radio’s Bookstore 

Greenville, NH 03048 
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more information on their advertised products, use the bind-in card found elsewhere in this issue, select the correct 
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Message 

Master 

Real-voice message system 
For any repeater or base 



Now you can communicate vital information even when 
the station you are calling is not on the air — with 
Message Master. Message Master is a solid state voice 
recording system which can record messages just by 
listening to you speak, store messages in memory, and 
deliver messages on demand. If you can't be there to 
deliver your messages let Message Master deliver them 
for you - any messages in any language and in your own 
voice! 

Message Master connects easily to any radio system for 
remote access: repeaters, base stations, even transceiv¬ 
ers. It can even be connected to an autopatch device to 
exchange messages between your radio system and the 
telephone network. 

Message Master is a multi-user system with mailbox 
style personalized message service for a hundred users. 
With 8 minutes of message storage it can store 
hundreds of messages simultaneously making it ideal 
for large, active repeater groups. 

Would you like your callsign identifications, 
tail messages, and bulletin messages sent in 
real-voice? Message Master can send them 
too. Record several identification messages 
and it will even send a different ID each time 
Almost like magic, Message Master knows 
when to send identifications and tail mes¬ 
sages so it needs no special control signals 
from your base or repeater 

Call or write for further information before 
you make another wasted call 


Create messages just by talking. Message Master's 
'real-voice' technique saves YOUR VOICE In digital 
memory to deliver messages In your own voice, lan¬ 
guage and dialect. 

Mailbox-style operation gives individual message 
delivery service to 100 system users. 

Easily added to any repeater or base station for re¬ 
mote operation with only four connections. 

Special features Include callsign Identifications, tall 
messages, and bulletin messages. 

Digital message storage provides instant playback of 
stored messages. 

Modular memory meets your exact needs from 2 to 8 
minutes of total message storage. 


Serving all your repeater needs 

— Mark 4 Repeaters and Repeater Controllers are THE PER¬ 
FORMANCE LEADERS with real voice, more autodial numbers, 
more synthesized voice and more features. 

— Mark 3 Repeaters offer the winning combination of high per¬ 
formance and high value. 

— LR-1 Repeaters boast superb RF circuitry at an economical 
price. 

— MR-4 Receivers with 7 helical resonators are the only receivers 
to choose in harsh RF environments. 


Commercial users: Ask for a brochure on 
the Message Master Electronic Dispatcher 
with group and all call messaging. 



— PA-100 Amplifiers with rugged TMOS power FETs give you a 
continuous duty high power signal. 



COMING SOON: A 4-channel re¬ 
ceiver voting system which oper¬ 
ates on true signal-to-noise ratio to 
extend your coverage by linking to 
remote receivers. 


KENDECOM INC. 

MICRO CONTROL SPECIALTIES 


23 Elm Park 
Groveland. MA 01834 
(617) 372-3442 
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A fresh idea! 



Our new crop of tone equipment is the freshest thing growing in the encoder/decoder 
field today. All tones are instantly programmable by setting a dip sw itch; no counter 
is required. Frequency accuracy is astonishing ±.l Hoover all temperature extremes. 
Multiple tone frequency operation is a snap since the dip switch may be remoted. 

Our TS-32 encoder/decoder may be programmed for any of the 32 CTCSS tones. 

The SS-32 encode only model may be programmed for all 32 CTCSS tones plus d 
19 burst tones, 8 touch-tones, and 5 test tones. And, of course, there's no aM 

need to mention our one day delivery and one year warranty. CH 


Emm! COMMUNICATIONS SPECIALISTS 

426 W est I aft Avenue, Orange, California 92667 
(800) 854-0547/'California: (714)998-3021 









Yaesu’s big gun. The FT-980. 


DX and contest operation is no 
place for a lightweight. 

That's why the FT-980 
combines the latest in HF tech¬ 
nology to give you the muscle 
to get you through. 

To begin with, its front 
panel gives you unsurpassed 
operating flexibility 

Stone your favorite fre¬ 
quencies and operating mode 
independently in each of the 12 
memory channels 

Review the contents of any 
memory location without dis¬ 
turbing the QSO in progress 
with the checking function 
Quickly go from one pro¬ 
grammed channel to another 
or meet your buddy "five up" by 
simply touching a button 


And you'll be hard- 
pressed to find a cleaner trans¬ 
mitter In fact, our conserva¬ 
tively designed final amplifier 
loafs at just a fraction of its 
rated output. And cuts distor¬ 
tion to new lews 

Then consider the receiver 
A triple-conversion design 
with separate front ends for ham 
and general coverage recep¬ 
tion. That way ham-band oper¬ 
ation is not compromised 
Also, cascaded IF filtering 
assures outstanding rejection 
of unwanted signals close to your 
operating frequency 

Even imperfect antennas 
are no problem for the FT-980 
There's essentially no turn¬ 
down with an SWR of 2:1 and just 
25% tum-down at 3:1. 


Finally if all this isn't 
enough, hook up the FT-980 to 
your personal computer for 
21 advanced functions including 
mode, frequency and band 
shift An assortment of interfaces 
and software are available 

So when you really want 
to flex your muscles, go with 
'teesu's FT-980. The serious radio 
for the serious operator 



nr l Will Anniversary. 


Yaesu USA 

17210 Edwards Road. Cemtos. CA > 701 
(213) 404 2700 

Yaesu Cincinnati Service Center 

Tf'TOGt'ld FVk Dt'iv* Ho "niton OH 4 C 111 
( 513 ) 874 - 3)00 
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Prices and specifications subject to change without notice. 
































Power-Full...70 Watts! 


TM _ 2570 A/2550A/2 530A/3530A 

Sophisticated FM transceivers 


Kenwood sets the pace again! 

The all-new “25-Series" brings the 
industry's first compact 70-watt 
2-meter FM mobile transceiver. 
There is even an auto dialer which 
stores 15 telephone numbers! There 
are four versions to choose from: 
The TM-2570A 70-watt. TM- 2550A 
45-watt,TM-2530A 25-watt and the 
TM-3530A 220 MHz, 25-watt. 

• First 70-wall FM mobile (TM 2570A) 

• First m mle transceiver with IHt 
phone number memory and auto- 
dialer (up lo 15 seven-digit phone 
numbers) 

• Direct keyboard entry ol frequency 

• Automatic repealer oltset selection 
a Kenwood exclusive! 

• Extended frequency coverage 
lor MARS and CAP (142-149 MH/: 
141-151 MH/ modifiable) 

• 23 channel memory tor ottsel. 
frequency and sub-tone 

• Big multi-color LCD and ba< k lit 
controls (or excellent visibility 


• Front panel programmable 38-lone 
CTCSSerr let includes 97.4 Hz 

(optional) 

• 16-key DTMF pad. with audible monitor 
•Center-stop luning another 

Kenwood exclusive! 

• Frequency lock switch 

• New ' way adjustable mounting 
system 

• Unique ffset micro) 

relieves slress on microphone cord 

Large heatsink with built-in cooling 
Ian (TM-2570A) 


• High performance GaAs FET Iron! end 
receiver 

• HI/LOW Power switch (adjustable 
L OW power) 

• IM 3530A covers 220 225 MH/ 

• Digital Channel Link (optional) 


j v*i Introducing... 

LA. L Digital Channel Link 

Compatible with Kenwood's DCS 
(Digital Code Squelch), the DCL system 
enables your t g to automatically QSY 
to an open channel, Now you can auto¬ 
matically switch over to a simplex 
channel after repeater contact' Here's 
how it works: 

The DCL system searches tor an 
open channel, remembers it, returns 
to the original frequency and transmits 
control information lo another DCL 
equipped station that switcher both 
tadios to the open channel Micro 
processor control assures last and 
reliable operation I he whole process 
happens in an instant! 
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Optional Accessories 

• TU-7 18 turn CP uni lei 

•MU-1 

•VS-1 

• PG-2K • mtia I >1 il-i- 

• PG-3A I)('. in,i 1 iv tilt, r 

• MB-10 ■ xlM m 1 •• i.r.i, kul 

•CD-10 1 1 gc •lr.pl iv 

• PS-430 I C I'i'Wt'i ilpply li " 
TM 2550A/2630A/3530A 


•PS-50 p w<- i| p , 1 • IM . ‘ i.\ 

•MC-60A/MC-80/MC 85 k 

• MC 48 

• MC-42S iP OVVUm 

• MC-55 8 pmi ni lulu ’• wilh In.it limut 

• SP-40 "I ,r I " I I lu.jkri 

• SP-50 : • ■[ ik 

• SW-200A/SW-200B Whip • u l.-rs 

• SW-100A/SW-100B ' ; n I 'iWP.p 

• SWT-1 1 f t 1 .i"i' •' .:!i' 1 


Actual size front panel 


KENWOOD 

TRIO KENWOOD COMMUNICATIONS 
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